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ABSTRACT 


The interaction of an interface between two gases anj a strong expansion is 
investigated and the effect on flow in an expansion tube is examined. Two 
mechanisms for the unsteady pi t ct -pres su re fluctuations found in the test 
section of an expansion tube are proposed. The first mechanism depends on 
the Rayleigh-Taylor instability of the driver-test cas interface in the 
presence cn a strong expansion. The second mechanise depends on the 
reflection of the strong expansion from the interface. Predictions cornea re 
favourably with experimental results. The theory is expected to be 
independent of the absolute values of the initial expansion tube fillir.a 
pressures . 
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INTRODUCTION 


1 . 

An expansion tube is a facility for producing high-enthalpy short -durat io 
hypersonic gas flows. The principle of operation is to use an unsteady 
expansion for the purpose of expanding the test gas, rather than a nozzle 
as in a shock tunnel. A facility built at NASA Langley (Moore, 1S"5) was 
expected to outperform conventional shock tunnels due to total-enthalpy 
multiplication (Trinpi, 1962) . Experimental experience in the Langley 
expansion tube (Moore, 1975; Miller, 1977; Miller, 1976; Sninn and Muller 
1976) indicated that the duration of useful test gas flow was much le-ss 
than expected. Evidence for this was primarily in the form, of pitot- 
pressure time-histories measured at the test section. The pitot pressure 
time-histories indicated two unexpected phenomena. Firstly, the region of 
constant pressure test flow was found to be disturbed by large pitct 
pressure peturbations and, secondly, the magnitude of the pitct pressure 
was seen to 'dip' under some circumstances (Miller, 1 977 ; Miller, 1 97 6 ) . 

This work is aimed at explaining the first mentioned phenomenon, that is 
the pitot-pressure perturbations. It is expected that explanation of the 
basic phenomenon, or phenomena, will enable a range of useful test 
conditions to be established for expansion tubes. The theory formulated 
here will be applicable to free-piston driven expansion tubes such as at 
the University of Queensland. 

The chapters in this report have been arranged in the following order; 
firstly, a description of the expansion tube (ideal and real) ; secondly, 
review of the literature relating to the basic mechanisms causing reducti 
in expansion tube test times; thirdly, the new theory and computer 
implementation; fourthly, comparison to experiment; and fifthly, the 
conclusions . 
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2. THE EXPANSION TUBE 
2 . 1 The Ideal Expansion Tuba 

The expansion tube in which the experimental data was obtained is the small 
'TQ' expansion tube in the Department of Mechanical Engineering at the 
University of Queensland, Brisbane, Australia. The major difference m 
operation between this facility and the Langley facility is the free-pistcr. 
driver (Stalker, 1967) . The first advantage of this type of driver is that 
higher driver temperatures can be achieved than with a conventional driver 
Secondly, the temperature and pressure c-f the driver gas can be varied ever 
a w^de range by different choice of diaphragm rupture pressure and fillino 
pressures. Thirdly, the driver is at approximately constant pressure durir.c 
the shock /expans ion tube flew rather than the driver being a constant 
volume . 

Figure 1 shows the wave diagram for a free-piston driven expansion tube. 

The flow is in three stages. In the first stage the piston is driven down 
the compression tube by air at high pressure thus compressing the driver 
gas. The driver gas is chosen to have a high speed of sound. When the 
piston has imparted most of its energy to the driver gas the pressure of 
the gas is enough to rupture the primary diaphragm. 

In the second stage the hot, high pressure driver gas flews into the shock 
tube causing a strong shock wave to be propagated down the tube through the 
test gas. As driver gas flows out of the driver tube the piston velocity is 
chosen to rriatch this flow-rate and hence to maintain the driver pressure a- 
an approximately constant level. An interface, or contact surface, 
separates the driver and test gases. 

Upon the primary shocks arrival at the secondary diaphragm., which initially 
separates the test gas from the low pressure acceleration cas, the third 
stage of flow is initiated. The secondary diaphragm, bursts and a strcr.c 
shock wave propagates through the acceleration gas. An second interface 
separates the test gas and the acceleration gas. A shock wave m, ay be 
reflected at the secondary diaphragm.. The test gas expands through the 
strong iser.tropic centred expansion wave generated by the low gas pressure 
in the expansion tube, thus acquiring kinetic energy. This expanded test 
gas arrives at the end of the tube and flows into the test section. 
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Figure 2 shows the ideal pitot pressure time history at the test section. 
The acceleration tube flow causes the initial step in pitot pressure and 
the test gas causes the second much greater step (the magnitude of the step 
is greater because the temperature of the test gas is significantly less 
than the acceleration gas). The test period continues until the arrival cf 
the tail of the strong expansion when the pitot pressure begins to ramp uc 
(due to the decrease in Mach number) 

2.2 Boundary Layer Entrainment Effect 

The effect on shock tube flow of unsteady boundary layers which develop" 
behind the primary shock wave have been studied by Kirels (1963) and {1934.i 
for laminar and turbulent boundary layers. The effect of the boundary layer 
is to entrain fluid from the region between the primary shock and the 
interface (see Figure 3) . This causes the shock wave and the interface tc 
approach each other, reaching a maximum separation if the tube is long 
enough. It can be seen that the flow between the shock and the interface is 
non-uniform in shock-fixed coordinates. When the limiting separation has 
been reached the f ree-st ream flow has a finite subsonic speed after 
processing by the (fixed) shock but the contact surface is stationary. 

the flow between the shock and the contact surface is non- 
uniform. As a first approximation the free-stream flow can be assumed tc be 
uniform. This will be true exactly for strong shocks as the shock speed 
approaches infinity. To find the separation of the shock and the contact 
surface as a function of distance the approximation of a uniform free- 
stream can be made and the flow is further assumed to be steady at each 
instant. The shock is assumed to be strong with constant speed and hence 
each gas particle undergoes the same increase in entropy as it is processed 
by the shock. Mirels has derived expressions for the limiting separations 
and the separation function with distance for both laminar and turbulent 
boundary layers for a range of real and ideal gases. 

This effect has important rami f icat ions on expansion tube flow since it 
means that the time interval between incident sheer, and tail of expansion 
wave arrival at the test section will be decreases (Figure 4) 

2.3 Real Gas Effects 

Since high enthalpies are expected behind strong shock waves such as those 
generated in an expansion tube (up to 5 kms" : in TC acceleration tube 
section and about 2 kms'- in shock tube section with helium, driver - Pauli, 
Stalker and Stringer, 198B) real gas effects such as vibrational 
excitation, dissociation and relaxation are expected to occur. However, 
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according to Tnmpi (1 962), less dissociation would be expected to occur 
than in a reflected shock tunnel. There is the possibility of the flow 
freezing while being expanded but this should not be significant due to th 
fact that, except for near the centre of the expansion wave, the expansion 
is spread over a significant proportion of the acceleration tube length as 
opposed to the relatively short length of a nozzle in a shock tunnel. He.-.c 
it would be expected that there would be time for the gas to relax to 
equ i i ibr ium . 


Moore (1975) used two real air model to predict the wail static pressure 
and pitot -pressure at the test section of the Langley expansion tube as a 
function of interface velocities. The interface velocity was inferred free 
measurements of the incident shock wave and by using the theory of Mireis. 
The two models of air were firstly, thermodynamic equilibrium and secondly 
vibrational and chemical freezing. The reflected shock wave from the 
secondary diaphragm was assumed to lie between the limits of being 
degenerate or of standing at the secondary diaphragm station. The measured 
wall static pressures agreed closely with the equilibrium model while the 
pitot -pressures were between the equilibrium, and the frozen predictions. 
However, Miller (1975) found that predictions assuring equilibrium 

expansion for air with no reflected shock wave gave the best comparison 
with experiment . 


2.4 Experimental Result# from Expansion Tubes 

Unsteadiness in Test Section Pitot -Pressure 

Resuits from, the Langley and the TQ expansion tubes both reveal unsteady 
pitot pressure effects showing variation of the acceleration tube pressure 
(Figure 5). The flow conditions in the University of Queensland facili-y 
were chcsen to duplicate the Reynolds number, based on shock tube diameter, 
at the same shock velocities as in the Langley tube (Pauli, Stalker and 
Stringer, 1988) . The pitot pressure traces are similar except for the 'die' 
phenomenon observed in the Langley tube (Moore, 1975; Miller, 1977 a -d 
Miller, 1978). It can be seen from the experimental results that when the 
acceleration tube pressure is increased, for a constant shock tube 
pressure, that the frequency of the pressure fluctuations increases. This 
suggests that there could be more than one mechanism causing fluctuations. 

Shock Generated by Secondary Diaphragm Rupture 

Ideally the secondary diaphragm which initially separates the test and 
acceleration tube gases, should be light and rupture instantaneously. 
However experiments by Shinn and Miller (1978) indicated that these 
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conditions were very often not met in practice. They obtained from tube 
wall pressure transducers evidence that a shock wave was reflected from the 
secondary diaphragm and traveled upstream against the oncoming test gas 
flow. Subsequently the shock wave reflected from the interface between the 
driver and test gases. In some cases, the shock overtook the acceleration 
tube incident shock thus increasing wall pressures (see Figure 6) . This 
effect was more pronounced when the secondary diaphragm, was of greater 
thickness and when helium was used as a test gas. In the case of air and 
carbon dioxide test gases the shock wave was not strong enough to travel 
upstream and consequently was swept downstream by the oncoming test gas 
flow (Miller, 1975) . 

Boundary Layer Transition Effect 

It was shown by Shinn and Killer (1978) that the reason for the dip in the 
pitot pressure of the Langley tube is due to the transition of the boundary 
layer behind the incident shock wave in the acceleration tube section. 
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literature review 


3 . 

3.1 Turbulence et the Int.rf.ee end Development of Mixing 
Region 

The interface between the driver and test gases in a shock tunnel is 
expected to be a region of high turbulence (Hooker. 1961) partly explained 
by non-ideal diaphragm rupture (White, 1958) and Rayleigh-Taylor 
instability (Taylor, 1950; Lewis, 1950; Lin and Fyfe, 1961). This 
turbulence leads to mixing of the driver and test cases. Because of r.ixinc, 
less test gas will be available for expansion thre.gh the nozzle into the 
test section since the interface becomes a mixing region. This phenomenon 
is also relevant to the driver-test gas interface in an expansion tube 
since less test gas will be available for processing by the strong 
expansion and hence the test time will be shortened. 

An early analysis to determine the conditions under which a mixing region 
developed was by White (1958). White considered equal amounts of driver and 

test gas (volume V/2), at different temperatures ( 7 a and T b ) , mixing at the 

interface at constant pressure. Taking the limit where the temperature 
ratio across the interface, N - TjT b , was large, the change in volume of 
the interface could be determined. Making the assumption that the driver 
gas had a smaller molar specific heat, C Fa , (i.e. a monatomic gas) than the 

test gas, Cp b , an increase in volume was obtained when the driver gas was 

cooler than the test gas at the interface. The change in volume is given 

t>y» 

i + — 1 1 N (1 t 

V 2 (^N + Cp a /Cp.\ 

and for N >> 1, 

AV i 

1 + ~ = 2 a + C P£ /C ?t) (2} 

This situation occurs in conventional shock tubes where there is no pre- 
heating of the driver gas, and in free-piston driven facilities for some 
conditions. It should be noted that the higher the primary shock Mach 
number the hotter the test gas in relation to the driver gas and hence the 
mere spread out the mixing region. The flow between the incident shock wave 
and the interface will be affected by this change in contact region volume, 
which can be thought of as an increase in effective "piston" velocity. In 
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the other lirr.it where the expanded driver gas is much hotter than the test 
gas a decrease in volume of the mixing region would be expected. 


Lin and Fyfe ( 1 5 6 1 > showed by dimensional arguments that the eddy 
diffusivity, which controls the spreading rate of the m.ixing region, was 
proportional to primary diaphragm diameter. 

3.2 Rayleigh-Taylor Instability 

Taylor (1950) and Lewis (1950) showed theoretically and experimentally that 
"...when two superposed fluids of different densities are accelerated in a 
direction perpendicular to their interface, this surface is stable or 
unstable according to whether the acceleration is directed from the heavier 
to the lighter fluid or vice-versa." The amplification and suppression of 
interface instability is shown in Figure 7. This phenomenon is known as 
Rayleigh-Taylor instability of accelerated interfaces and is applicable in 
shock and expansion tube flew to the driver/test gas interface. 

3.3 Conditions for Rayleigh-Taylor Instability in Shock Tubes 

An analysis was carried out by Levine (1970) who assumed that Rayleigh- 
Taylor instability of the driver/test gas interface caused a reduction m 
available test gas in a shock tube. A density gradient was produced by the 
mixing of cold driver gas with hot test gas at the interface in different 
proportions assuming constant pressure. A minimum density was found since 
the driver gas has a smaller average molecular weight than the test gas . 
This meant that the density of some of the gas in the mixing region was 
less than the hot gas sample and the driver gas. The acceleration field 
required to accelerate the less dense gas was provided by relaxation 
effects in an ionized monatomic test gas behind a strong shock wave. The 
test gas ionised a certain time after being processed by the primary shcck 
wave, resulting in a reduction in temperature and an increase in density 
and hence, by continuity, an acceleration (Figure 6) . 


Levine used a semi-empirical approach to determine the m.ixing rate at the 
interface and hence the minimum, density and the resulting test gas sample 
size. He derived an equation of motion for a 'blob' of light gas projected 
ahead of the contact surface in the presence of a heavier test gas. A 
simplifying assumption was made that, the ratio of less to mere dense gas 
remained constant during the period of the shock tube flow. From this he 
determined whether a test gas sample was likely tc accumulate or net for 
given shock tube conditions. Gas at density p n .ir. is buoyant in fluid of 
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density p,r 6x under pseudo-gravitational field g where v„ is the velocity a* 
which fluid is propelled ahead of the contact surface. The equation is, 

„ dv T 

P r 1 " ~dt ^ P T a x ~ Pr ; n ) 9 ( 3 ) 

Hcuwing, Hornung and Sandeman (1981) and Houwing and Sandexan (1963) 
investigated Rayle igh-Taylor instability of an interface in shock tube fl;w 
similar to the case of Levine. They showed that less dense "blobs" can 
occur under two conditions. Firstly when the driver gas was less dense -tha- 
the test gas or, as in the case of Levine, when the driver and test gases 
were mixed. Density profiles as a function of the proportion of driver gas 
are shown in Figure 9 and are reproduced from Houwing, Hornung and Sanders- 
(j. 981) . In both cases the test gas temperature was greater than that of t!*- 
driver gas. Houwing and Sandeman make the statement that if the ratio of 
the minimum density to the test gas density is calculated using the same 
method as Levine it is approximately equal to the ratio of average 
molecular weights across the interface. 


Houwing, Hornung and Sandeman considered acceleration fields caused firstly 
by relaxation effects, due to vibrational non-equilibrium and dissociation 
behind the primary shock wave, and secondly from boundary layer mass 
entrainment effects. Only the mass entrainment effect is considered here 
since real gas effects are not expected to be as significant in expansion 
tube flow; and will not be taken into account in this analysis. 


Houwing et al. (1981) and (1983) derived a more complete equation cf metier 
for the blobs than Levine by including the virtual mass of the buoyant 
sphere. Tne equation of motion follows that derived by Batchelor {’96”',' a'- 
is reproduced from Houwing and Sandeman (1963), 


M 


cbt 

dt 


, du;_ 1 div t - up) 

: dt ‘2 Mz 


(<) 


where p r is the density and u t is the velocity cf a non-deforming schere ir. 
a frictionless accelerating fluid of density p 2 and velocity u 2 . Here M is 
the mass of the sphere and M z is the mass of the fluid displaced. The blebs 
are assumed to be typical of a large number of particles which comprise the 
mixing region. When the sphere distorts to conform, to the enveloping 
streamlines, as in the actual flow, the buoyant gas acts like a continuum 
The equation cf motion is then integrated to obtain the bleb velocity a* a 
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function of distance downstream of the diaphragm, station with the lower 
limit that the blobs have the same velocity as the contact surface 
immediately after diaphragm rupture. It is assumed that the flow is steady 
and that the f ree-strearn velocity decreases monotcr.ically with distance 
from the shock wave. 

Boundary layer entrainment will cause the interface to accelerate due to 
removal of gas from the region of flow behind the primary shock wave. Hence 
if blobs which are less dense than the test gas have been generated by 
interface mixing then a mechanism exists for accelerating some of the 
interface gas more than the test gas. 
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4. MECHANISMS CAUSING EARLY PRESSURE FLUCTUATIONS 

4 . 1 Equations of Motion of a Minimum Danaity Blob 

This section discusses pitot-pressure fluctuations caused by blobs of ligh 
gas. Due to Rayleigh-Taylor instability of accelerated interfaces blebs of 
gas, of a lower density than the test gas, can be generated by mixing at 
the interface. These blobs tend to accelerate more rapidly than the 
surrounding test gas, in the direction of the acceleration. Hence in the 
acceleration field of the strong expansion they overtake the test cas ar.d 
have the potential to arrive at the test section during the period of 
useful test flow causing pressure fluctuations (see Figure 10) . As 
mentioned above there are two ways of generating lower density blobs. 
Firstly if the driver gas is less dense than the test gas blobs of driver 
gas will be buoyant in the test gas; and secondly by mixing in different 
proportions a cold monatomic driver gas with a hot diatomic test gas, the: 
the driver gas has a smaller average molecular weight than the test gas, a 
blob with a density less than that of both gases can be produced. 

The mechanism is implemented in three stages. Firstly the driver and test 
gases mix generating less dense blobs of gas. Secondly the blobs separate 
from the contact surface in the shock tube flow region, due to Rayleigh- 
Taylor instablity, and are propelled forward of the test gas by the 
boundary layer entrainment effect in the shock tube region. Thirdly the 
blobs are propelled forward by the strong expansion in the acceleration 
tube region. The mixing model of Levine was used for the generation cf the 
blobs at the interface. In the shock tube the equations used were similar 
to t.iose of Houwing and Sandeman. New equations are developed for flow in 
the strong expansion region. 

Generation of Density Minimum 

The minimum density due to mixing at the interface is derived below. 


-Conservation of Energy 


+ m : b : * mh 

a J *a >T d + <1 - a) j R r T t - h 




R 

1 m “ 


( 5 ) 

( 6 ) 

(7) 


( 6 ) 
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where d 

t 

m 

h 

R 

T 

a 

R~ 

frv 


denotes driver gas 
denotes test gas 
mass 

static enthalpy 
engineering gas constant 
static temperature 
driver mass fraction 
universal gas constant 
molecular weight 


-Enthalpy of Mixture at Interface (average translational and rotational 
kinetic energy) 


h ^ (l* T ~+ 3 * f ) 4 Mjg) 


a 2 R d? ♦ 


(1 - 


a) j R : 


(9) 


SOR d T d + 7(1 - q) Rr 7 Z 
5a R d + 1 a - a) R t 


( 10 ) 


-Equation of State 


P 


m d + m : 


£ 

(aK = + (l - a) r : ) r 


p ( (5Kw - 7 R Z )Q + 9R : ) 

( (* d - ^c)a + ) ((5R C T^ - 7 R : T z )a + 7 R : T ; ) 


(11) 


where p 

P 


static pressure 
static density 


-Density Ratio 



( 12 ) 


1 4 


p 

when a — > 1 then ■*— 
ft 



tot ,n id.,1 g.s th, d.nsity depend, 0 „ lhe , atio o£ 

"' CUl " “ e ‘ 9h ” * na '»• ‘«V*«dr. retie th . „ 

monatomic driver gas and diatomic test gas. 

-Minimum Density Ratio, ot'ainpH hw 

i uxu, u^.amea Dy differentiating (12), 


O - - — ± 
a 


/ £ \ _ dd _ fc/_ 

\ a / ac ae ^ oe 


n » 

a * 5 — - 7 


b * 7 


K\ 

C " 7* - 1 

h d 


d - l 


e » 5 s — 7 


in a real gas an increase in C P due to vibration and dissociation win 
produce a lower minimum density that for an calorically ideal gas. 

Acceleration of Blobs and Interface during Expansion Tube flow 
It is assumed that no heat is transferred to the blobs from the test gas 
during their flight. An analysis was performed to determine the maximum 
blob size which could be heated significantly during the period of the 
shock tube flow. The heated blobs were found to be too small to be 

important with a diameter less than one thirtieth of the expansion tube 
d i a me ter. 

-he b-obs are assumed to be in mechanical equilibrium with the test gas 
during the period of their flight through the test gas, i. e . at the same 
pressure. Thus when the test gas pressure changes due to the expansion va- 
the blob properties change accordingly, assuming no heat transfer, to kee: 
t^em. at the same pressure as the surrounding test aas. 

Following Batchelor, 


M ? = “ (U " V) * Mz V 


where M is the mass of the sphere, M : is the mass of the fluid displaced by 
tr.e sphere, V is the velocity of the sphere, and V is the velocity the 
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surrounding fluid would have had if the sphere was rot present. The first 
terrc represents the acceleration of the sphere, the second represents the 
acceleration reaction of the displaced fluid on the sphere and the third 
represents the buoyancy force. Rearranging and taking differentials ore 
obtains , 

3 

t M : 

cPJ * — — ; dv (16) 

M + T M- 

i 

for a small change in the velocity of the sphere as a function of a small 
change in velocity of the surrounding fluid. It can be seen that when M y. 

< 1 that dU > dv and hence if this model was applied to blobs of less dense 
gas generated at the interface then they would accelerated more quickly 
than the surrounding test gas. The equation of motion can be integrated cr.e 
mesh step at a time taking local values of V and M/Mc . 

Effect on Fitot Pressure 

The effect of blobs on the test section pitot-pressure, is expected to be 
fluctuations due to the difference in temperature and density of the blobs 
compared to the test gas. The frequency of the fluctuations is expected to 
relate to the most probable blob size. Thus the presence of blobs means the 
pitot -pres sure trace will display a contact region spread over a 
considerable time period instead of a sharply defined interface. 

4.2 Reflection of Waves from the Contact Surface 

Another possible mechanism for producing pitot-pressure perturbations is 
now discussed. Under some circumstances the strong expansion through which 
the test gas expands, after reflecting from the driver-test gas interface, 
can arrive at the test section during the test period. Since the interface 
is expected to be a region of high turbulence due to non-ideal diaphragm, 
rupture there is the potential for unsteady pressure perturbations tc be 
propagated along the characteristics of the reflected expansion and hence 
to disrupt conditions at the test section during the test period. The 
effect of the reflected expansion on the pitot pressure trace is shown in 
Figure 11. It can be seen that the pitot pressure falls, until the arrival 
of the contact surface, rather than rises as in the case where the 
reflected expansion does not arrive at the test section. This is due tc the 
reversal of the velocity gradient. Unsteady effects which exist at the 
interface can then be propagated along the characteristics of the reflected 
expansion. It should be noted that the trajectory of the reflection of the 
head of the strong expansion can be determined analytically. 
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If small perturbations of the flow properties, generated at the contact 
surface, are assumed this is equivalent to having another two famines o' 
physical characteristics and another two families of state characteristics 
corresponding to the perturbations of the gas properties. Mirels and Brau- 
(1962, solved the problem of the propagation of small perturbations •• n ^ 
uniform and self-similar flows. In their cases the physical characteristic 
were coincident for both the perturbed and unperturbed components of the 
state properties. Hence the magnitude of the perturbations of the state- 
variables could be integrated along characteristics in the expansion wave, 
since it was self-similar, and the pitot pressure fluctuations calculated! 
The magnitudes of the fluctuations depended on the turbulence at the 
interface. However in this analysis only the time of arrival of pressure 

perturbations is sought so the magnitude of the perturbations is not 
required . 

As found from the Langley experiments an upstream propagating shock wave 
can be generated by the rupture of the secondary diaphragm. An estimate of 
the effect of this shock wave on the test section flow can be obtained by 
noting that the trajectory of a very weak shock wave is the same as that of 
the reflected head of the strong expansion (Figure 12) . Thus an 
approximation to the time of arrival of such a shock wave can be gained by 
finding the time at which the reflected head of the strong expansion 
arrives at the test section. 


Another possible effect of the reflected shock wave is that after it has 
been transmitted through the driver-test gas interface bifurcation may * 
occur. Bifurcation occurs when the tube wall boundary layer stagnation 
pressure is not great enough to allow it to be decelerated by a normal 
shock and hence oblique shocks form and gas collects at the foot causing i- 
to grow with time (Figure 13). This means that a jet of gas can be 
generated on the walls of the tube, formed by the oblique shock waves, 
which has a greater velocity towards the test section end of the tube than 
does the gas processed by the normal shock wave. Thus driver gas can arrive 
at the test section earlier than expected. This mechanism has been examined 
by Davies and Wilson (1969) and others. It will net be pursued here. 

It should be noted that no pitot-pressure perturbations occurred in the 
Langley tube without the presence of a secondary diaphragm, (Shinn and 
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Miller, 1 9 “7 8 ) . Hence the secondary diaphragm must be important 
generation of pit ot “pres sure fluctuations. 



5. IMPLEMENTATION OF SOLUTION 

The method of characteristics for unsteady flow in one dimension has beer, 
used to predict the flow in the expansion tube assuming perfect gases. The 
effect of boundary layer entrainment has been included approximately by- 
calculating new trajectories for the driver-test and test-acceleration gas 
interfaces. The effect of the entrainment on the f ree-st ream flow has not 
been considered; this is known as the uniform, free-stream. approximation. 

The pitot pressure has been predicted as a function of time at the test 
section by the Rayleigh pitot pressure formula with an empirical correction 
being employed to account for the higher predicted shock speeds than those 
measured in experiment. 

5.1 Basic Assumptions 

The gases are all assumed to be thermally and calorif icaliy perfect and m 
thermodynamic equilibrium,. In the expansion tube flow ideal diaphragm 
rupture has been assumed. The free-piston driver is treated as a constant 
pressure reservoir with the conditions calculated using isentropic 
compression of the driver gas. The Mirels boundary layer entrainment effect 
has been included assuming the uniform free-stream. approximation for the 
contact surface trajectories. Primary shock waves have been assumed to have 
constant velocity and hence no entropy variation exists for different 
particles of gas. The latter two assumptions are both applicable for strcr.o 
shock waves. At the interface mixing occurs adiabatically and isobarically 
in an initial thin contact surface. The blobs of low density gas generated 
are small, non-def orming spheres in mechanical equilibrium with the 
surrounding gas flow and are typical of a large number of such which make 
up the mixing front. The test section flow is assumed to be quasi-steady 
for the pitot pressure determination. 

5.2 Computer Program 

The finite difference equations for the method of characteristics for one- 
dimensional unsteady flow are given in Appendix A. The method was 
implemented on a Apple Macintosh Plus Personal Computer in compiled BASIC. 
The method uses a combined graphical-numerical approach. The computer 
implementation is interactive and the procedure is similar to that require: 
if the wave diagram were to be constructed on graph paper, except the 
machine does all the calculations and the 'house-keeping' . A flow chart c ( 
the program logic is shown as Figure 14. The program, waits for the user tc 
select from the menu the next type of point he wishes tc calculate, for ex- 
ample, Interior', 'Contact', or 'Expansion'. Once the user has defined 
this he then selects, using the mouse, the existing points from which he 
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wants the new point to be calculated. The computer then calculates the new 
p^int and displays its location on the screen. The properties at a po'nt 

can be perused at any time by the user. A database is generated on dis^c as 

calculation proceeds so that the - „ ■ 

so tnat the solution can be regenerated or added to at 

a later date. The program listing can be found in Appendix B. 

When calculating the wave diagram it becomes necessary to refine the mesh 
if flow properties are changing rapidly. In this case the program has a 
facility for splitting' the mesh by linear interpolation of properties 
between known points. This raises the problem of how to save the data "for 
each point in the database such that it can be retrieved and the flowfieid 
reconstructed correctly. The storage of data adopts a method of inter- 
relating records known as linked records. Stored with the values of the 
properties at each point are two numbers. These numbers give the numbers cf 
records where the properties of the two upwind points on which the 
point depends are stored. It is easy therefore tc split the mesh and to 

change the way the records are linked when a new intermediate point is 
created . 

5.3 Verification of Computer Code end Truncation Irror 

The computer code was checked by calculating the trajectory of the contact 
surface through the expansion fan when the same gas at the same conditions 
is on either side. This is the same as calculating a particle path. The 
three families of characteristics give. 


dt 


dx u 


( 17 ) 


f ♦ -2- - ^ . Hi + _£i 

2 r - i 2 r - i 2 r - 


(IB) 


dt 

dx u 


( 15 ) 


■ rT7|* ;l1 * « (f) : - r - *(*: * ^ »:) 


(2C) 


The numerical solution to the wave diagram is given as Figure 15 . The 
analytical solution for the path line. is exactly coincident tc the 
numerical solution to the resolution of the diagram. 


The compatibility relations of the method of characteristics depend or. t 


he 


mesh and sc approximat ions' must be made 


in computing flow properties. Pr^ 
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to use of this procedure, the point properties are assumed to vary in a 
polynomial fashion along characteristics between the known and unknown 
points. The order of the polynomial variation can be selected according to 
the desired accuracy required of the solution. A method of improving these 
inherent approximations is to use a mesh size which is appropriate for the 
level of accuracy required. The average value of the properties was used 
for calculation of the physical characteristics hence the accuracy c-f the 
mesh is of the order of {Ax) 3 and (dt) 3 . For calculations of flow 
properties on the contact surface average values were also used but 
iteration was required hence the maximum, accuracy expected, after 
convergence, is of the order of (du ) 3 and (dp) 3 . The calculation of f lew- 
properties at other points is exact. 
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6. COMPARISON or COMPUTATIONS WITH EXPERIMENT 
6 . 1 Shock Spee d 

The predicted shock speeds are up to thirty percent higher than the 
measured ones. {All the following experimental results are taken from 
Pauli, Stalker and Stringer, 1986.) This was accounted for in the pitot- 
pressure prediction by the use of an empirical correction factor. 

6.2 Langley Results 

As the acceleration tube pressure is increased the model predicts that" 
unsteady effects, due to the reflected expansion, should arrive earlier. 
Blobs are predicted but they arrive very much later than in the useful tes 
time and so are not relevant. There is evidence of another unsteady effect 
at the lower acceleration tube pressures possibly due to waves being 
reflected from the walls of the tube. The dip noted in the case with the 
highest shock tube pressure is due to boundary-layer transition in the 
acceleration tube. 


The reflected expansion trends compare favourably to reflected shock trends 
as determined by wall pressures measurements (Shinn and Miller (1978). 

Hence the reflected head of the expansion predicts the reflected shock 
behaviour at least qualitatively. 

6.3 U.Q. Argon Driver Result* 

As the acceleration tube pressure is increased the model predicts that 
unsteady effects, due to the reflected expansion, should arrive earlier. 
Blobs are not predicted. There is evidence of another unsteady effect at 
the lower acceleration tube pressures possibly due to waves being reflectec 
f r cm the walls of the tube. 


No blobs are predicted for any case with an argon driver. (For an ideal 
the density minimum depends on the ratio of molecular weights and the 
temperature ratio across the interface, assuming r.ir.atcmi c driver and 
diatomic test gas) . 

The absence of the dip phenomenon can be explained by the fact that 
boundary layer transition would not be expected frcm Reynolds number 
calculations based on the acceleration tube length of TQ . 

6.4 U.Q. Helium Driver Results 

Taking the column of results for which the acceleration tube pressure is 
approximately 120 mm, it can be seen for lower shock tube pressures the 
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reflected expansion arrives before the blobs while for the higher shock, 
tube pressures the blobs arrive before the reflected expansion. The blobs 
arrive latest for the central case ( P1 - 13.8 kPa), while the reflected 
expansion arrives latest for the P1 - 101 kPa case. It can also be seen 
that the blobs tend to produce large scale pitot pressure fluctuations 
while the reflected expansion causes fluctuations or. a smaller scale. 


Considering holding shock tube pressure constant while varying the 
acceleration tube pressure; an increase in acceleration tube pressure 
causes both the blobs and the reflected expansion to arrive earlier. This 
agrees with the Langley and argon driver predictions (for the reflected 

expansion) . These effects can be seen by considering either the top row c: 
the bottom row of the array. 


(It should be noted that for the case in the extreme upper right corner of 
the array that the expansion reflected from the driver-test gas interface 
is predicted to further interact with the test-acceleration gas interface. 
This effect was not included in the model and hence this prediction is less 
certain. What is certain is that the reflected expansion arrives very 
early . ) 


6.5 U.Q. Air Driver Result 

There were no blobs predicted for the case with an air driver and althc 
the reflected expansion is predicted to arrive reasonably early the 
fluctuations are not sufficient to degrade to a serious extent the 
relatively long period of test flow found in this case. 
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7. COHCLUS IONS 

The model developed here explains some of the previously unexplained 
features of expansion tube flow tolerably well, it also indicates that the 
two mechanisms considered are pressure independent, except for a small 
pressure dependence of the boundary layer entrainment effect. Therefore 
either scaling the initial pressure filling ratios either up or down shod 
produce flew with the same characteristics. Hence the initial filling 
pressure ratios that produce the longest period of test flow can be 
obtained. Therefore no additional work is required to determine the best 
pressure ratios for higher absolute pressure conditions. 
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No Reflected Expansion 


Ideal pitot -pressure time-history at the test section . 
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Figure 3: Kirel's boundary layer er.trair.-er.t effect 
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Figure 9 F ref lies showing the min inure density in the raxing reg.; 
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No Reflected Expansion 


Figure 11: Ideal pitot -pressure trace showing affect of reflected 


expansion . 
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Figure 16 (a) & 17 (a) : Langley (heliur.) and 7Q ( a r g c r. ) 

pitct-pres sures and predictions. (Note 'RE' « arrival t me 
of reflected expansion). 
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Figure 18 {*) : 


■‘w pit ct-press ures and predictions for 


helium test gas. 
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f igur« 18 (g) : TO wave diagram, heliur., p : » 13.6 fcPa, 

Pi: ■ 120 jur Hg. 
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rigura 18 (j) : TQ wave diagram, heliur., p : » 101.0 kPa, 

Pi: - 2 0 1 C Mr Hg. 
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A. Complete Sat of Finita Diffaranca Equation* 

A.J Non-Dimensionalisation of Variables 

The reference conditiosn chosen for the wave diagram are the acceleration 
tube length, the diaphragm rupture pressure and the speed of sound in the 
driver gas prior to expansion. 

A. 2 Equations for Ideal Expansion Tube Flow 
Shock Tube Section Flow 
References: Stalker (1964) 

Liepmann and Roskho (1957) 



ei m l.el 

P: Pi 

_ £i El 

Pi " pi 


Expansion Tube Section Flow 
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Reference: Liepmann and Roskho (1957) 


Pi 

P: o 


£ 20 . x 

P: o 



(y ; - 1) (A ]C /A ? ) (P2c/p-,; - 1> 

V2/! + (>i + 1) (p 2: /p ; ; - 1). 



P5, _ P2c/P:o 
P2 P2 / Pi 0 



1 


1 


r. - i P2? 

y : + l Pic 
r-. I 1 P;: 
y : + 1 Pi: 



*2 0 * V 7;Pi T2C 
As - Vr.«: t 5 

C?2C “ w 20 d 2C 
C /5 - M 5 a 5 

P2C m P2; 

p :0 ^20 PlO 

£L , II 

P2 " T 5 P2 


A. 3 Mirels Effect for La/ninar or Turbulent Boundary Layers 
Lamina r 

Reference: Mirels (1963) 

The acceleration tube flow is laminar for TQ and partly laminar for 
Langley. Therefore assume that the maximum separation of the shock and the 
contact surface has been reached. This only has a cosmetic effect or. the 
wave diagram in the acceleration tube region. It does not affect the 
results. The effect on the test gas, and blobs, is difficult to determine 
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due to the expansion wave thickness and the complex nature of the boundary 
layer (see Mirels and Mullen, 1964) . 



2 1 m2 P2 C 

The limiting separation approximation used in the acceleration tube is 
given by, 

^r,2 + 1 1 L- 

tc 2 * " + 

u s20 u s2 l 2 

Turbulent 

Reference: Mirels (1964) 
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The shock tube flow is turbulent. The Mirels effect also effects the blob 
trajectory. The limiting separation is not reached in ths shock tube 
length . 
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A. 4 Blob Trajectories including Mirels Effect 
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A. 5 The Unsteady Method of Characteristics 
Reference: Ferri (1961) 


6p Sp ~ 6u 
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dp Su Su 
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AS - 0 

equation of state 

p - pRT 

definition of speed of sound for a perfect gas 
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physical characteristics 
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dt 
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For test gas point: 
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Boundary Conditions 

1. Moving piston - gas remains in contact with piston. 

2. Supersonic outflow through open-ended duct - both families of 
characteristics travel in same direction and both exit, same 
interior points. 

3. Strong shock waves - patch solutions together. 

A. 6 The Pitot Pressure 
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info'lag * 0 : igr:df.*g • 0 : iMikriag • C iDirty “ 1 r mo j»* ' L*g • 0 nrinMvf .*g * 0 : i^auf.K • J ip: tot po. r\ • . ipiLot'.*; - 

pi - « t « Am r.it 

«; ■ oocoo: ; » 

hr: - 0* plpiO - or I T4T1 - 0# . L1L2I - 0» ■ ugficurl • 1 l i rho* • ot 
3"f.*g - 0 firttinfo - 0 

DIN imicMDi iero*«h*i/ |33> . ignyili tcucl«|]]i , igT*y2(Ji LW*r(3> i*an4(33i. iduhU pi i : 0 i p«r.*t»-.l#('5 f. i 

DIH to ir uaci ( 500 1 Jo i n iLoet I 50 5 : . FointTyp* ( 50 0 ) , LAointliOCi }Foirti503l 

1TJTOAL 

roi 11 - C TC 31 

alac mtehtui 

wr xt n 

HTCa«»0» VXWT1I (iMteMCH 

AISTONt 1 

roi 11 - 0 TC 15 

ACM lCXO**h*ir Ul> 

»trr x: 

1 cron A* if (32 I - 7 : Ivm t h* i r ( 3 3 1 - I 
ro» it - C TC 31 

ACM leirei* 1 11> 

Mcrr 11 

:cixci*<32) - 7 : icixe.*(33i - t 
TO» 11 • 0 TO J 

igreyui) * -21*31 

«rr 11 

roi u - 0 to 3 

liuhllll - 1*1*1 

wrrr n 

roi u - 0 TO 31 

ACM 1 *+r>4 111) 

NIX? 11 

LA*n4<32) * 7 : Uv*n4(33> - I 
mi up info *croll kAi 
FIC70AI m 

C »• gr*y p*u«m 

ro* 11 - 0 TO 3 

iqmylUi) * -lout 

win 11 

1>V (0) - 14 : lkrll) - *4 : 1>*X (2 1 • it : iMM3l - HO 

frvi groy ptlurn 

r : haxct (vxatt* nwr (0) n (VAArr* t igr»y2 lOin 
riAKLAtcT rvwniuuicm 

LINT t *4 . 0) - I *4 . tot 

4r*« up u row 

KC7VTTC 102, 2 

CALL tm (-4, 41 : Oil. 1 nr [3. 0 > CALC line (0. 4| ; CALL Lrnt (4, 01 : CALL LIWI (0, -41 : CALL LINE (3, 9l • CALL LINE f-4. -4 

‘ 4r*« 4owr, Arrow 
PCWTTO **. 41 

CALL cm (C 41 : CALL LINE (-3 0) : CALL HR 14. 4) : CALL LINE I* -4) r CALL LHIE (-3 . Oi : CALL LINE (C, -4 - CALL L I NX i.-4 O' 

ftttctal art 

SeroLlterl • HCTUU1 
FICTUAI aw 

LINt 1*5. IS) - no*. 30. 30 If : LINI (*5. 1SI - (101, 30, . h 
MCTTAI err 
Icrolilsi) - t : CTO All 
voter Mu 

LATA 204, 204. 3014, 20 4. 7044 *732 4232, 4234 

DATA 5004 4104. 4104 2044. 2014. 204. 2011. 204 

SATA 2011 204 20 *. 201 4. 40*0 *1*4. 1114. 41*4 

DATA *114. 1114 1.14 4010 204 201 4. 2014. 2014 

DATA C. 5 254 251 254 254 254. 14374 
DATA 254. 254. 254. 254 254. 0. 0. 0 
circle Ml* 

DATA 0. 0. C. 0. I *4 . 10*1 20*0. 7CIC 

DATA 2 040, :0M, 194, 0 0 0. C. C 
DATA C. 0, C. 0. 1*4. 10*1, 70*0. 20*0 

DATA 20IC. 1011 l»«, C. 0.0 CO 
Mnd 4*1* 

DATA 0. C. C. C, > *4 , 3700. 4352. **4C 

DATA 255**. 17*21. 1 *454. 2*1*3, 1 7392 140 2 25544. 1*320 
DATA S 0 0 0 194, 3144 7*14. 14174 

DATA 32741. 327*7. 331**, 37740. 32752 32’42, 32731. 1I33C 

2 DATA * ON FT EAST CIAAACTEA I JT1 CS f feOGAAK * '*y CArl* Gourl*y* 

DATA *D»pt of K* c ft* r i c* . Lng :mv Lftg* . *Dniv*r»lty of OuMkilui. *t. Loci*’ 

DATA 'Ou*«n»LAn* 404', Atl*tr«- 1* * . "Ooo* UltHM fil* 4*i« 7* 

DATA *CLtei OR to Mgir * 

3 DATA * LIT AN 1 1 34 TVU INITIAL COWSITiaH*’. ’Driver Tufeo |4l*. ‘Ihoe* TuM 111*. *Aca*l TM** CO:’ *Crl v«r Cat -V *T •« t / Ac a* 1 La 1 •* 

5 DATA TLarritLS 4ETVF 4CX* ■N*iu«*i**. -Mgnif ;c*llor' 

I DATA *M« .or • 

2c; DATA *nnr SC7VF »OX- •« wrtMif, *y Lr<ir*»*nt ■ *%• 

74 ; data *st*rf, *rcni»h* 

JO I DATA ’HW 2L07T J riTF * 

300: QATA ‘Sere.. 4* 

KENV 1. C. 1, Til** 

KENV 1 . 1 , , *Op*r 

KIN. 1. 2. C. ’CIO**' 

KtNL . 3. 0. 

KCN-J ;. 4 C. -Trim ... * 

KtN. 1. 5. ). -Ovit- 

KLNT 3. C, 0, *D l*p.*y ’ 

KENt 3. 1, 2. -Ko*h. . * 

KENL 3. 2, C, 'T*i . . . • 

KINU 3, 3 C. •-* 

NLNL 3. 4, 1. ’Cri4* 

HENL 3 5. 0. 

NENL 3. I 1, ’Foint IMMU* 
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o. 

2 ‘faint Cli 


K*U 1, 


ic. i. *nut n*t . 

, 'Faint* 


mw 4. i. o. 

*w «. 3. o. 

«» 4. J. 0. 
HEW 4, 4. 0. 
«w 4. I. o, 
mu 4. i. o, 
>««; 4, i, o. 


'Cantaat . . . 
’Driver . . . * 


IEW 4. 


] . 


Ipllt * 


WN'u 4. I C, 

HEM u 4. 10 , 0. ‘triit - 
wr; i. o. c. *tpfo* 

«w; 4. !. 1. *Diapiay InLo- 
NEMV 4. 1. 0, ‘Oat l rite . * 
fl»t *. C. 0, 'twl* 1 

HEW I. I, l. ‘loom . . . ’ 

**W I. 3. 1. *lu»n. . .* 
HENU 1. 0. 0. ‘Copy" 

*W ?, 1, 1 . 'Copyrioir* 

Act l vat. avani Ho *4 i i ng 

« OIALOC 9D1JI DulufCwt 
ON MOIL 00*01 Ifenutvwi 
CM 1UM 0O«Ln IraUCvtrt 
CM MOD It GOt 31 HouuCrtn 
**'■' turn off an y 

IM 1TCUISOM 
HENU CO ; DIALOG ON 


WILE TAUIt - l En41a t# loop 

■END 


LAND LX EVENT* IX u 


DIALOG ITOF • If iftfoflag - 1 TIEN MCA 1 1 *TOF 
SCTCDXaoi VAAFT* (IvatoAIO)) 

Mfluloloa • HXNUIOl 

WWD*" Ul * i ** t ®* y * Dl#piay*4anw, Fointitanw UfaManu. leolManu. Cop yWani 

IT mfoflag - 1 TIE> MOO IE ON 
DIALOG CM miTCVMO* 

AETUW 


DlalagEvant: 

WWU ITOf ; ir inf of lag - 1 TIEN MOO It ITOF 
Activity - DIALOG (0) 

W Activity 90131 ItittwinrML EAitEvant, Aetlvata. OmAmoy , 
Activity - DIALOGIC) ; If infoflag - J Til* HTOIl CM 
NEW CM 

Arrow 

IrMktMIt : 

lAraa* - i j lOirty - 0 

IE inf of Lag - 1 TIEN COIDI rtntlntoj 

aetdw 


Aafraift, loturriEvoni . TaACvwnt 


ir Mouaafiag - i tdn Arrow 

HEW ITOF : DIALOG ITOF 
Mow.aClic* • MOD It (0 ) * 4 

<* How ••Ci 1 el QOSOB Houamlaturn. MouooAaturn ttou.aFo.it 
If NOtC | C | - -1 TIEN OOTC Houi.tr.nt 

HEW CM t DIALOG OM 
AETCU 


HouMlaturn. ttow.oFo. it ion , MouaoJUturn. «ui.i.t U n 


LAND LI TIE HEAD EVENT* LXJtX 


Honultoo - KIND i 1 t 

CM Nonwltao <*>*01 QpanFila, Cloaorila, Itvtf Hi, Frintflia, Quit 

AX TO IN 


Cporni* ; 


Satwp Aataaaaa intarfaoa for • tor ago of information Wovt a particular 
gae»»try ana •aiution. 

ODJUl OraoOiaiagl 

HENU l, 1C HEAD 1. 3, 1 : HEAD 1. 3, 1 ; KDTO 1, 4. I 

Arrow 


■ IIRJCM CLOft J : ■ ID DOM CLO»E 2 : IHIIOCM CLOU 4 
*W 3. 1. 3 : NDC 3. 3. C 

HENU 3, I, 3 : HX310 3. 10. 1 

HEW 4. 1, 1 : KDIC 4, 3, 1 «W 4. 3. i : KI3i: 4 

HEW i. 1, 1 KDtU «. 3, 1 ; *W 1, 1, 1 

Sava ttatw. information 
CLOSE 41 


OMEN M A3 I. L£N • 71 

FIELD II. I U aaaS I At aagfaetar* 2 A3 ScreLIAi. 
I A3 gamaaalotl 

Lirr aaal - HAI I <eaa| 

UtT aagfactorl - HKDI (aag factor 1 1 
UET Icjoj Lit - **tll (ileroli*) 
urr ScroIIT* * HAT* < iieroilT) 

LIE? agf - KADI i mj > 

LIE? tgl - KADI |tg> 

L4C? agto^ohl • HATS I agb.o* > 

LSE7 tgbioal - KADI ( UJH.C* i 
UET tg2 I - WO! < t g2 ) 

LICT laaponai - HR! I ( laxpon* I 
UET gwm.Ml - HAD! igMaulo. 
fci i 
USE? 

HEW 1. KEJCC 1. 2. 0 : HEW 1, 1, 0 i KDIC !, 

1C. C : HENU 4, 3. 0 

HEW 1. i. 1 : Kmc 4. 3 0 . WW 3, 4, 1 

ww 3. 1. 2 ; KDtU 3. J. 0 ; «¥U 3 12 

«w 3, 0, o : NDU 4. 0. 0 ; HEW 4, 0, 0 - HOID I. 


»*» - 4 ; UmoIII 


ISereilT - 0 : lopanflag • 0 


4 1 : HEW 4,4, 


2 A3 ICrtllTI, I AS 


4. 0 j HEW 7, 0. 0 


0 i HEW «. 4< o 

LniMMarfiag - 0 ; 


HENC 4. *, ) ; KtVD 4.1, I KENL 4 


1 U t -« , ‘ • M *QMI«M3. I A3 tgfeioal I A3 tg23 3 AS i.apu 


i HEAL 4. 1,0- HEAD 4, 


NWO 4, 3. C ; HEW 4. 4 J «n,; 4 


leirclafiag • 1 : laapang - e . lianglayfiag • C : Uiaat flag - C 
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infoflag * C i jgridflag - 0 i tMtrf.iq * C i IDiriy - 1 ■ aouaarLag • 0 l*in«o*f *ag • 0 <g— -af - o i ipnaiflag - 0 ■ lpitoipoim . 

Hr! - 01 ■ plpio - 0# i T4T1 - Of : il'-H - Of : UfI«cUr< - li , rKa . 0 « 

- 0 i firttnfo - 0 

Aiful* 

*a«^n ;• : 

U n I14CUI inforaallan 

closi *i 

oft* ri aj »: lm • t* 

FIELD 41, J « 3 U tc.ro . lit. 2 M *er*ll?*. I AJ *gi I U tgl I U • U l^!o»( I AS ig2l 3 Al ..*p.-4l 

I Al fu*i»l«k4 

Lirr aui - »*ni iraa> 

LSE? »ag factor! - r«D* (Mag factor 4 1 
Lit? icroiixi - mr 1 1 i i tcro l l d 
LSE? Icro-l ITt * MR II UtcroitT) 

LSE? tgl - KE5l(«gi 
LJE7 tgt - MRDlugr 
LSI? agk ioaS - MRDf (agblak) 

Lit? igbloal • MRD f ( igk .at ) 
jr igll • KRD* (tgl) 

Lit? iaip*n4t * MR 1 1 Uaxpan* I 
Lit? ] ■ ir * - MRDI IfMiUlM 

ru? ♦ ; . i 

* : .• up for poLnt t*u 
CLOSC *1 

arc* rt u t j lea • n 

r:uo li.. li AJ n * i aj il. i m ;i i u «i i u ti. • u ui. i u ti i as ;i. l u tti i u rhoi 

IX TURK 

ft Lfl If li • : 

IF 1 * f of lag - I TIE* RIADOM CLOII 2 ARtXW 4 

CALL IIDE7I* LIRE 10. 0) - (107. J;V a 

FlCTUAt Orr laagal - FICTVAXS FlCTiJIf OR CALL ISORTER 

Dr a* boa to mp4 i tealing LJi format ior 

LU • 10 r 1 T7 - 10 : rt • 1 

MlROC» 4. **. (II*. 101 - (1**. It#'. *3 

ix jtcmi 7oc TtrrrACtui 

IXAC ail : MOTTO (3344 - LIAIatl' ‘I 1; 24 JC P I ; ITT ail 

if nor i. i. *cr*. i Hi . * > - 1374 t* . 

to:? field 1 . nuuut, is. ioi - ns. ss,. . 2 

UAO atl HWTO SO. S3 > FUR? ail 

EDI? ritLD 2 millTTJ, (S *0 - r4S. ?S j . . 3 

IUC art MCVtTC SO, 73 ; FUR? atl 

MAD at* : MWTTO 140# ♦ (UOI - LSltili^ 4r/3l. S3 F»nr7 ail i 1017 ritLD 3. ATAHii'IOCi <1*0. Si) - (330. 7J|. . 2 

READ at* s MCVtTO 340. ?I s FUR? ait 

LINE (S. 34) - 1 3 7 S, 34) l LIME I ! 40 34) - n'lO . 104) 

MIT ritLD 1 

■ - DIALOG (0) : HHTOIUOI : taafiaid - ) 

aiLI i O 3 AND to* 

ir t - 7 TO* ir taifiali 4 3 tie* tab fiai* - t*»fia*a « 1 tut taaiiaia - 1 
tr t - 7 TOR EDIT ritLD taafian 
I * DIALOG (0) 

■EMC 

lit - VAX I CD I? I ( 1 1 ) 

ITT - VAI < EC ITt <21 ) 

it - VAL (E0 3 TI (3) | / 1 00 

■I ROOM CLOII 4 = Ukraal - 0 

at tine* ooro trrorrui 

loc ir nraat - o Tin ortR -im : r*c*rrr- ro» outtut a* j i ietcvaioi m/n uaaieMOn i ■ noov acrror i? •. ric?tr*t (0 * m, o . irr: :<soi • 

lul'tr. (31* ♦ lTT)*«t). 1 aaija I 

Printing : 

at CIA OR SOTO 0 
CLOil 13 

ir infoflag • 1 TIER VIROOti 7 j 30101 FinSInfal 

II TV HR 


:r L opart flag - 0 TOM HZ II? : MXHV UI r ITITtR 
lava iuiui it. foraat ion 
CLOSE I) 

art* ri as li lu - i* 

FIELD II. 1 AJ utl. I AJ aagficiarl 3 AS itrtlUI. 3 AJ ItrellTl. • AJ agl . I AS tgl I AJ a^iabl . S AS i^lati. I A* tg3S. I AS ,a«p«-al 
I AS gaMakitkl 
LJC? tul - rfltll |a«ji) 

LIE? sag factor I • rflOl (aag face or 1 1 
LIE? JcrolJI - MR 1 1 I llcro 11 XI 
LSE? Scroll?* - litimiinllTI 
LIE? agl * KKDKagi 
LSZ? tgl - MIDI ivg) 

Lit? agfcloR* • mOI(agblaM) 

LSI? tgkiabl • MRDI (cgbio*) 

LSr? ig3 1 - WDI ( t g2 ) 

LSI? ;aapandl - WltMaapand) 

LSr? jaaai.gtl • rgtDJ lg«aa*,ot: 

7C? II. 1 
USE? 

KIR. uir 
STSTD4 

Z.w\, n)R4anu: 

Many Itaa - MUC (11 

0* Manu 1 1_«* 305US MaahOlfplay, Tafcia34»p-Ay. CriSDiiplay , R\»AarDi »p Lay . CLrelaDiap.ay FitovDiaplay 
MTU Ml 

MatrX.rpLay: 

MIRU 7. e ; : NDIk 3, 1. 3 : MERC 3 7 C MERC I, 0, 1 KEWV 4. C, 1 

ir igrnf.ag - 1 7SIR WRU 3. 4 3 ELSI Mir. 3. 4 . 1 

ir inuaaarfiag • TIER «wu 3*2 ELSE MXRl 3*1 

ir ieirdaf*ag - ; tor «rv 3, i. 2 else ran. 3. i. i 

CIS : QOlUl laFiOt. 

ir inf of Lag - l TIER iDirty - 0 : il - Hi; MIROOM 1, ", (400, 3*0) - (SIC. 340!. 3 : OOSC1 fuiSInlo 

IX TOM 

Taa.aD itpiay 

ricTLTLi orr 

MERV 7. o. 0 s HTML 3. 1. 1 : Mira 3 3 7 MERC 4. 0, 0 ; Mt3n t. C 0 

MEHl 3, 4. C MX34U 3. *. 0 : MERC 3 1 c CLS : 1111 * 11 : GtMCl DratrTaAla 

IX TCI* 

SriADiapiay: 

IF lgriaf lag « C TIIR LgriSflag • 1 ■ Mira 3, 4, 3 ; 3OS0P end IET7TO 

:r ignSflag • 1 TO igndfiag - C MERC 3 4, 1 : CLS r OOSOt AaFlaU : AETUIR 

r iMPTr"' it ' 71* ' 

ir muaMc f ,ag - 0 TOR in\»*arfLag - . MIRC 1,4 3 GOSOP SteiaaMr MTOI* 

IT ;nuaa«i B:aq • 1 TlXR inw*arfiag - 0 MERC 3, *. 1 CU G43SOP BaF loti ATT CRN 

Ci re laDi rpiay : 

ir icirelaflag • 0 TUN leiralaflag - . MI RU 3 1. 3 MERC 4. C. 1 MERV J, 0. 1 : 00*71 laFlsel : ATT ORR 

IF icirelaflag - 1 TOR icirelaflag - C WWU 3.1.) MEMO 4 0, 0 MERi S, 0, 0 s CLS - «3SU> laFi.oi 


78 



tl7UBH 


*»v 3. 

I. 


Pi toOi#pi*y : 

**V 2, 1. 0 i H»U 1, 2. 0 «NU 1,4 o 

•m: 4. i. o « hoi; «. i, o , «r u 4 . 1 0 

**1.' » 1. 0 ' hou », 1, 0 1 *nu 4. 1, 0 

it mfof Ug - i no kouil orr 
MM,4«rU« - 1 ■ lpH«Ml«t - 1 I ao»U* DravNinOo.4 , ipitatfiog - l , wimoom CL<Ml I 
RXTUIN 


*U 1, I. 0 
*U t. 4, 0 
*U 4. 2. 0 


1, 0 


NtNU J. 10. 0 

hou 4. *. 0 1 «r; 4 . • 


or nanviti 

UTUIN 


hou f n 

1 00(0* ConiaetPo 


IntoriorPoint* intanorPointt. n** aotxpon. lor n,.Mp., 


■ rmooH 3 

OOSUI t« UctContact 


®°>w» rin*Polnt4t t OOSUI rindPointld 


rfaoa paint 


UortaetPolnt ; 

inaaflagc - 1 

IT infofUg • 1 TID MOL St OFT 
oouaafUg ■ 1 litopfiag - o 
IETCvRIOB VWH{i«roMhiirlOn 
ItTCUBSO* VWUII UvaicMOll 
J - ill 

OOIUS rin*P©lnt2 ■ QQf ITS T Lr.Otoi 
Initial gaaa* at prapartia* 
i*3 - u4 

alt • IjmmI - 14) • |u4 - ulf/2# . *2 

*Jd - aJt 

U) - <ul * u4)/l! * 1*34 - »■* i i i j ■■ 

• 1 • (f«a*4 - lll'lul - u 4 1 / 4 • [aid 
! t •rata tor poaltlor and prapartia* of co 
Com. act loop : 

ul 0 - al 
*J tO * *)t 

a) 40 - aid 
aoiut Contact 

:r mi (u 30 - m 3) /die « to) wo Aisuitc 
Con tact Cal co ; 

ca.culau oontact point raaoming propartia* 

TT3t - lalt *2) * Igoooai *14) / [gaoaa . • * : , 

77 34 - 1)4*1 
tan point prapartlai 

ir inaafUgc - 0 TUN MK • aii - 1 
IT tl > ti TUN Ktl . lU) . GOTO PotntCXM 
«J • alt : m - TT3t : rhol - rholt i 1 * aox * 2 
OOSUI UaaPoint I OOSC* DraoPoint 

PointLoa* local - O : PeintLoct laaai m t3 : PointTypafi 
a3 - aid : TTJ • TTla ; rJvoJ - rhola : 1 - *u . J ■ j - uj , 
aomi laofoiiit 

Pointiocxfooxl - al ; Palntioct too*) * tl » PointTypa (Ml) all 
00*ci DraaMaefi 
30* US Dr awContact 
OOSUI NonoaaJ 

it imarugc o o no err #1, 11s : jj - Mt » \ , urr 31 - 

sn4l - *1 r tartar 3 * 

OOSOi *a «« Faint 
00*01 Dra«Paint 

FotnU>oaa laaai - al i PointXact IBM) - t) : PointTypafoax) • 4 
PsintCLnN: 

If inf of lag • i Tin lDlrty - 0 : odsub rinNInfal 
oauaaflag • 0 i ritTCOUCN t lnawfUgo - S 
UTOM 


If Uraak - 1 Tin «CT0 PolntCLnd 


a3 tl /alt 6 < to) Me ABItaJ4C - *34)/a34C < tol TUN 00TO Con tact Calc* List GC7C Contacts 


j - 113 : Cr 144 < 


* 3 IFeint laaJi - i 
L« t final - * Contact* * 


lFoint(aaa) - ; 


3Foint laaci - ) 
3Foint (aax) - 3 


POT #1, US 


)Po int 1 1 IS ) - aaa < 


. ariooo ] 

UM«na3 - 0 i ipasaf 1*4 - C 

: OOSUI So laattapon* ion 1 IT Lkrtaa - 1 Tin sere Pointlln* 


1 all / <24* lul 


EapPoint 1 

ir infofug - 1 rut hoc 11 i 

oouaafUg • 1 : 1J top flag • 

UTCOBSOa VJUtPT* (lcroadAair 
ItTCOIBOl VTlBFTB float dM0|] 

1 - 11 : 90*01 ruaFolnt) 

IT Laapona - C TUN oapanplo - - IIP (14/ tuul - aa2>) - AT*tl4/lu«S - a*l))| -o*pan*lo/lM4 ♦ *I*(lB/|uI - all) 

rr laapoa 4 - 0 TUN If a^angla < ATNU»/iudS - aoS) ) Tin «pM«l« - AJlMU/tuuS - aoSn s |Uf , i.*p.nai - ) 

rr laapona - 0 TUN final - 'Lpannan* : 30ISB Zapaaalon . OOSUI Intanor LLIt Snot . •t»a««ior* uJ - m U j 

If IonpoM - 0 TUN (2 • II i t2 • UL2»/«i*2 UJI a2 • al • aapangU/1001 j t2 • <«2 - mll/ui . all . t) 

*3 ■ Itl - tl * «2*lv»2 - 02 * ul - all / (24* Iu3 - «2)Mal - all) - alM«J ♦ al * 
all / <24* (u2 - *2) ♦ luJ - al) ) - lu) ♦ a) ♦ al ♦ a3l/(2«*lul • allMul • al)M 
tl • fat - m2 « tl *2 1 • (u2 - a2)Mul • al)/(d2 - al ♦ u3 - a3) - tl*2»*(vl ♦ aDMul » a3)/(u! 

*2 • *3 - al) • 24* ful * ell* (u3 ♦ aJi/iu) « al * al * all] 

Po in t toe* (aaa ♦ l) • al Pointioct taa* ♦ 1) - t3 : Point Typo (aas » 1) • 1 : 1 Point (aaa » l) - 
tut IFoint IMA ♦ IP - * 2 
IP laapon* - 0 TUN 3 - -1 till 3 • -2 
0DSUB Col 011 lot Ion* 

If lo*poFMt2 * 1 Tin ioxpon* * 1 
PointlLnO: 

IT InfofUg - 1 TUN lDlrty - 0 : 0050* rin4Info2 
•OuaofUfi - 0 INITCOUCN 
IX TUB* 


• 1) MuJ 


o2 - oaS ; OOS'JI 
1 / ( (d2 - o2 . a3 
* all) / (24* (m2 - o2l *(uJ - 

oapond » C Tin JFointlaan 


GOTO Novlntarl* 


If Uraak - 1 TUN Point! line 


n tar: or Point* : 

igMMfiap - 1 

fa: larPointt : 

Nov! nt ax lor 1 

ir inf of lag - 1 tup noose orr : nindoh 3 
ooaooflog • 1 : i* top f lag - 0 
rr laoahfiag • t TUN OOTC intorior2 
ino«f*«g: • } 

jiTCuiso* vwrsu eroNN hair ion : oosui soioetmtari 
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ltlMr . o t * rc. u 3 vm*ti tieirclacon * «t*u art « aoiui hi*nipn 
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xr *2ie*ar*«2uppor > oi tic* »ttF : ittf : itt» acre iia*ruiih 
CALI toroin Itloaar i. tvpporl. to). »l ' *1 " * 

tl • (ti - - »-Jt * 14 
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FoLTtLoeji IMJIl • al : Fo inlL&CL IMi t * tl 
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If rhoa < rhol THU If rho < rhea Tit* rta 
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MD*SJ S i, J ; SOIL! Dra.IhfoBo* 

AX TDM 


OP POOR QUAL5TY 
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IF MIWDO4M0) - 1 AMD But ton) route - 1 Tit* QOKI CLoooNiteoo 
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IF ui > *4 UD ttt < 14 TUN tauiaal-a • 3 
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ir UI IU * 14 TIT> atl * LLTTI (IT1I lu <) till ail • LLTTI (JT1I (aa). '> 

AITOAb 


M:ictLLAiaxs lornu 
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«OVtTC 77 . J) : FKIWT *r>’ /: WVt 1 . ) i CALL TtXTSILt< 9 ) : 

icvito uo, 3 > s pkimt " 4 * ; i MOVE 1 , 3 : CALX TIXTSIttll) 

WVTTO 1 * 7 , 3 S : PKIMT ’t* ; : WVI i, J • CALL TEXT! TIE ( II 

»«VIT 0 313 , 3 ) ; PKIMT *V ; s WVt l. ) ; CALL TEXTSTIUf) 

WJVtTO 310 , 35 ! PKIMT MOVI l, 1 . CALL TtXTSItt(t) 

M 7 VtT 0 31 ). IS ) PKINT *p* KM 1. 3 s CALL TEXTS lit ( I) 

NOVtTO 371 . 23 • PKIMT *f WVT I, 3 CALL TEXTS t*t(?l 

WJVTTD 423 , *J j PKIMT ’f WVT l, 3 : CALL TtXTSIltdi 

WVtTO 4 43 3 i LINT TO 443 . 34 : KCVTTC J , 34 , LlVtTO 443 
CALL TEXTTKCt 1 0 ) t ChATtlia • 7 # 

Ml LI 11 ♦ 1MM4444 < 14»«cl»*a 


1 tL*t EDIT FIELD 3 : ItflalA - 


pirrr *i-i* : cali TUTfiiEim 

Ptnr? *J-1* ! CALL TEXTSI IE ( 13) 
: PKIMT *«• i CALI TEXTSI It (12) 

: PKIITT *n* : CALL TtXTIllE( 13 > 

: PKIMT "p* i CALL TtXTlIIE( 12 l 
: PKIMT *r. * ; CALL ftrTSUE( 12 ) 
i PKIMT -!>* e CALL TIITII IE 1 1 2 ) 
i PKIMT ■*' : CALL TEXTSIILIIT] 
e PKIMT V i CALL TUTSI It (III 
)4 i KWTTO S, 34 


I tUt K£H 


' WVtTO 72 , 

: WVtTO 101 . 
WVTTO 133 . 
WVTTO 113 . 
WVTTO 231 , 

wmo Jos, 

WPTTO 3*0, 
WVTTO 413, 


3 : LIMETC 72. 14 
3 : LIirtTO 101, 34 
3 : LTHTTO 133. 34 

3 : LTMtTO 1*1, 34 

3 e LIT ETC 331, 34 

s t limeto )os. 34 

3 e L riCTO 340, 34 

3 : LIMETO 411, 34 


U • IX • 1 

SET II. li ♦ 3 ♦ laawanaa - 1 

ir torn) tup aero ta*iac»4 

12* • ftMICVIUI)) • 33* - »TKJ (CYJ (311 | 

AM - cvoutl i 004 US (Nortar. i a< > ail 

AM • CVDfttl : 904 US Hanoi ; tl - ail 

AM - CVD(ul) ! 004 US Itanan i u< - All 

aa - CVD(Al) s 004 US I Nor). «un . at > oil 

aa - CVD(J>*) : OOIUS llano- : pi • M | 

AA • cvormi I OOIOS Iharun t TTI - m 
aa - CVDIrAal) t 904 US Hanoi ; Hal - at* 

GziOl • ffl : LMIa/iK - IMJT1 (Cri4i , ■ •) : Cri44 - LETTKCriA*. LMLaas - li 

IT Grl4l - * SIamK * TUN OOTO TAhiaLn42 
’ print Aa t_a ta taAla an 4 ta cUpAaarA 

If il > I Tin SCMOLl (0. 01 - (SOI, 314) , 0. -31 : WVtTO S 237 
CALL lilt (0, 2*1 

WVt 4. *1 i PKIMT ITSlUl ♦ lowwai; 

WVt 34 - CXarll ta'LEN IJTSI ( 11 ♦ Inaa^al) -20 t CALL Lmt(C. 31) ; WVt I 

TUN PKIMT 111, lUt 121 • • j PUMT 121; 

WVt 30 - Oi*r»laa*LW (121 I . -20 CALL LIMX(0, III : WV1 I. -I : If SriAl O 

tUt J2I - ’ : PKIMT )2I; 

WVI 31 - Oamw-LO (3*1), -20 : CALL Llltto. 2t) ; WVt 2. -I : PKIMT a| 
WVt 43 - ChATil *• *LEM (al ) , -20 1 CALL LHIEIO. 2 9) . WVE 1. -* ; PK ntT tl : 

WVE 43 - CA*j-*l m'LO Ctl> . -20 : CALL LrntiO, 29) 1 WVI 1 , -» : PKnt? «l . 

WVE SI - OurllWlB l«4) . -20 : CALL LntlO, 39) : WVt 1, -t : PKIMT at: 

WVt S3 - CWIllaatPlAl). -1C : CALL LnE(0, 29) : WVt I. -* : PK HIT pt . 

WVt S4 - Charltia-lDllpli. -20 : CALL Lmt(0, 291 : NCPVt 3. -I : PKIMT m. 

WVt SI - OlAXllaa'Ln (TTI I -20 CALL L IKt <0 . 29l : WVI -* Pmir rhot 

WVI 49 - Owarllaa’LEM <r hai! , -20 : CALL L HU (0, 29) : WVt -4SI 0 

TAAiatnA3t 
MEMO 


-* : rr GriAi <> *ConuAei 
'UpiAtL;' AND Sri42 <> 


AND Sri4) <> ‘intar 
ntariari* THX> PKIMT 


TaALstnA : 


CALL LIMt (434, 0) 

PICTUtl OTP laagaJ . p ICTDUI 
»n ‘CLIP :P ICTDSt- PO* ODTPUT At 2 
PKIMT 42 laagal 

CL 04 1 12 

Pi crust cm 

it Turn* 


KtNC 7. 
MTU KM 


KINL 


4, 3, 1 : MENU 4. 1C, 1 : MEMO 4. S, 


mzm: 4. 


i HZ M0 4 , I , 


1-0 

3-14 
«J ■ al 

U • tl 
u3 - ul 

A3 - al 

pj - pi 
TT3 - TTI 
rfcoJ - r Aa 1 
EZTUKN 
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tl • t? 
w3 - v2 

eJ - ■? lioN Mitcitr 

pi • r has ' »1*M toniuy 
TTI - TT7 
rh©3 » riwJ 
UTua# 


fine Info : 

aoiut rinopoim 
n n4 Info? : 

mimdoi 2 

*n» acrol! ku ollfc ieroll koi *i itrp pommr 
PICTJAt. lualllul 

pictuu. luQUimi 

prim info In winCo* 3 

CALI TLXTTONT (13 CALL TtXTJItt C?l : CALL TirTTACI f 1 > 

Mil - *Polnt Info' : HOVTTC 12, 11 : PIIMT ***J 

L I*! (0. 14) - (14. 141 

CALL TUTTOtT 14) ; CALL TtXTtllt l * ) CALL TUT7T ACt 132) 

MOVITC }, 31 i PII N7 ■I*,' FTA1(44) . i 

MOYTTO i. 41 : P 1 1 KT *)* r P7AJ 141! . *-*; j 

u • « SO«UI INertkk i HOTTTC S. S« flfM? P7AJI4I); *tf 

** - l I SO*U» ll»rt»r : HOVtTO S, *1 i P I JMT 'f PTAJ4I) ■ «|i 

windon output 3 : itop - 1 

unu 

CotSerol 1 ■ 

HV. * TIkCI : Ml I LI (T THU - et*!-!! — : 1 
t - AJ9IH * AS* (HOUII (0) ) - 1 
IT * - : ?Un Hcrollino * iflritlcrol! 

ir i • 1 TU> Hexolling * I*lfimlcr»ll 

IT i • 1 TUI Her oiling • 3 * l firotJeroi 1 

If >u < 21* AMO ttt < 104 Tllk Hero; LI - 

If iu < 1** AMO ttt -> lot AMO ttt x 31? 

ir JUU < If* AMO tit >2 22 TUX Heroin - 

IT *u -> 14* AMO JLA* X 23* AMO ttt 4 104 

If >u -» 14* AMO ui x 33* AMO ttt > 104 

IT «u •> 14* AMO ui x 33* AMO ttt > 212 

:r AM > 33* AMO ttt < 104 TUN it cj a 1 ll - 

ir RJUI » 33* AMO ttt -» 104 AMO ttt x JU 

ir AM > 33* AMO ttt > 212 TUN Heroin - 

Cot 5 croi Ltn* . 

UTUIM 

I how N u»L. r : 

CALL TCirrtJMT (4) l CALL Tin»!!I|*l 3 CALL 

rot t -0 to am 

A - fol/ltUxi I ll 
t - Pol /1 tLoct ( 1 I 
ll • iPoLntrilo (1) 
ir PointTypo ll) - i Tioi SOTO iuam/Lm* 

MOVITO 4*04' t**»«gfe«tor » ♦ UUII/lil « L1L24) • 1* ♦ 1 lerelll, 3114 . H«XOllT - l *C P ' t 'lAfftctsr P * t it rot ch/ ( 1 I • L.L2P 
PIIMT 11 ♦ * 

T'ipNirl ftirp : 

mimt i 

UTOIM 
Clooor 1*143: 

U IT flCLD I i n**tf to 14 - 2 
LIU <121. 12) - <234, *4), 30. If 
EDIT FILLD C LOS I 3 

unit 

OrooP not : 

ItTCOt *Ot VAAPTI ItWteMO) ) 

MlJrOOi CLOU 4 

MIITDOH 4. * Pit 01 Mot*. (40. 401 - 1470. 331). I 
P ICTUS! ON : CALL IIOHPIN 
pitot***! * Of : 111 - 4 
rot 11 - I TO HI 

It 111 • 4 TUM 110**h • 11 

ir 111 • < AMO PointTypo (ill - • TUM 111 - 11 
tr 411 - I AMD PointTypo 111! - • TUM HI • ll 

ir PointTypo 111) - 1 TUM O? PI, 11 : pltPUU - CVDITTil i If pnatiu > pilot**. TUI 111 - l; pitot***. - puoLui XTr. 
DPtnOl LLSt 0070 DPLnOi I LSI IIP 

ir 11 - **JI AMD PoLrstTypoUll o 4 AMD PointTypo 111) <> * TUM SUP ; UtP : IUP ; OCTO CloMlinPnl 
OPLn*. i 

urr 1 1 

or p;, in 

'Jlu - CVOIt*) 1 pitot*** - CVD(TTf) 

tpltotl - (pip 2 * p?p! ' . IP/P4P 1 1 * < I g A***'. * l!|«0»3f» lll'I/M'lpaMl/lgHMl - 1 : ) W <12 : 'qua: / tg****: • •i*fMJP* If:*? - i;hi«: - 

If ipltetl > pitot*** TUM pitot*** * zpltotl 
SC? tl. udooh 

te**h * cvD(tl) : pi tot**an * cvo(TTI) 

TtTTror 4 : Timm * TtrrrACt 22 

LIMt 111. :•> - (POP, 111 | . , I : It - 21 kKW ITO 11. 271 : PUM? C TUT I |L lL2P/u«2 ♦ lP^u*2C - <t***ki - 11112 4 .'ua 2 ♦ ;#'u«2C. IP- *'.531 

rot m - o to • 

It - It • 40 : HOVTTO It. 211 : CALL LIMtlO. -I) 

wvi - 12, ll : ptirr cr»T!;it4*jp - <l;l2P/u# 2 ♦ n/v*2Cn *in/i • lil3p/v* 2 . i»/o* 2 c ■ • :soo « zicsc 

Of Ln42 ■ 

MI ITT 111 

HOVtTO 110, 214 ■ PIIMT *t *4/ L2* 

Ip - 212 : HOVtTO 21. Ill CALI LINK*, 0) : kCTVTTC I, 211 : PI n? * 6* 

rot ill - 1 TO 4 

ip - ip - 40 : HOVTTO 2» ip CALL LIMK*. 0) 
pH - ITU ICIMT Ipitot*** *1 ll *100 :/5 : ) ) 

pm ■ • * . midi i pi i 3 :i 

pi 31 * * * . M 101 (pi I 3. II 
HOVTTO 12. lp -10 Pin? *,*; 

ir LD Ip tl ) - 4 TUM pill - * * ♦ HIDIIP**. 4, 1) : IOVTTO I, lp - 1 4 : PIIMT pill: 

IT LXM(pil) - 3 TUM HOVTTO I ip -1 : PIIMT * 0*. : HWTTO I. Ip • 4 : Pint? pill. : OOTO 0PIM3 

WfVTTO 4, lp -1 ; ir LD< (pit) • 4 TUM PIIMT pill till PIIMT pill. 

HOVTTC 4, ip . I ; If LLKptt) - 4 TUM PIIIT pill. (Lit PIIMT pill: 

0Ptn4J : 

Mirr in 

HOVTTO J, 14} : PI m? *p * ; kCTVTTC }, 1>I PIHT* *-* 

HOVtTO S, 212 ; PIIMT *p * : HOVtTO S. 1?4 : PI OT *4* 

IT PointTypo 11 l**«hl <> I AMO P« tntTyp* I lllooh > o * TUI WTVtTO HI. 241 - pi tot*** h ’ 20C /pi tot*** 

IF PointTypo 11 !«*•*] - I Ot PointTypo <;14*PP.) * * TUM 07 PI. IPoint (1 14** h) : t - CVD<t*l : pitot » CVC (TTI l : HOVtTC *■ • It - (LILIP .*3 

* I l/u*2C) ) *320/ ( t*«j h - |L2L2P/u«2 « 14/uo?Cl), 212 - pitot • 200/pitot*** 
ll - 1 l*** h 

t contact - 01 : 7P.OA - OP PIMSISt 3. 2 

•nit 11 <• hi 

«T PI, ll 

If PointTypo 111) • • TUM toontoct - CVOItlt : it - LPointtm OOTO OPIM44 
If PointTypo (1 1) » * TUN TMlo* - CVDItll : H • IPointtll) : 0070 DPlnOP 
t - CVD I tl ) : pitot - CVD<TM) ; 11 - LPointUi) 

L1MXTO M * It - < Li L3 4 / u*2 • 1P/U4?0) 1*220/ It4*«h - <LlL2P/o*2 * lp/uo20l). 241 - pitot * 200 /p ltot*** 

DPtn«4: 


i MtMD 


llerolll « llwolllnfl : HeroilT - lltrollT « lleroiilnp i 0070 Sot I era i itn4 
7 UN ll ero 1 LX - Heroii* ‘ ltcroiUng OOTO OotlcnoillnH 

llerolll . iterollln^ : HeroilT - HwollT - Hero.iinf i OOTO CotleroiltnC 
TUN HwollT - 1 l«rollT « ilcroUlnj i GOTO Ootlcro.lXn* 

AMD ttt « 212 TUN ilenolll - 9P i HarollT - 01 : OOTO Ootlero.ltn* 

TUN Heroin • HeroilT - HcrotliAf i OOTO QoticrolLEnM 

Heroin - HcrolUno llerollT - HeroilT ♦ Herollng : OOTO Ooi«cro^;tn4 
TUN Heroin - HcrollX - Hcroilln* : OOTO QotJcrolLtnC 
HerollX - Hcrolllnp j lleroll? - HeroilT - Herolimfl 


TlXTTACt 13?) i CALL TLTTMOCt < 1 ) 
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■R 

IT l*«| m*4 - 0 TB> L t MX TO II « <lt/<t»«J - aaJ > - ' 310/ li*aa* - |LUI4/va? 

UIX70 41 ♦ <l«2 - IUUI /Ml ♦ )l/t>»20) I • US/ ItAai* - (L!L3l/ua2 « 14/tia20>> J4; 

nil** - (<«•_■! . lilMntlMII'lflii'UMti/liaMl 

1 1 ) /( i i wi i • 1 n ) * 11 1 / ii«m; - mi 

LI VETO 41 < Itf* - (LlL2l/i*a2 ♦ l«/ws20) J *320/ U4aah - (LiL2f/ya2 . l#/ya20)>. 241 
LI VETO 44. If) - ipitatl *IM/pitnMi 
L1NXTO 44. If) 

riMitt i, 1 

I r TblO* <- 91 TB* ODTO plt«}t«*il 

IWVITO 44 * rTfcl«» * (LlL7l/tia7 * 1 1 /wa20> ) • 220/ <l«aah - ILIL2 I/v«? ♦ 14/«a20l), 17 
ItMirtE I. I ! CALL ICJVE<0, 1) , CALL URII. 20 ! 1 WVt -1C, -IJ 

rtNim 1. 1 t run •»)«»■ 


lf/wa70i), If] - (pilot ! • 200/piioiaaa 
Ip Hot 1 «20C /pi Lot 

■ J I M/I II ''(Mil/ . 1 in • (M20«‘ .If I *1 

ipi lot; • 20C /piLOLUl 


piusijuapl : 

IF toon tact <• 04 TIO< QOTO puot]«p) 

IB7VIT0 M « (1 ■met * <LlL3l/ya2 . 14/ua2«)i *320/ It Mash - IHL2f/y«2 . l«/w*2Cn n 
H«I» a, a > CALL HDVE|0. 11 : CALI LIMEIC. 20 j 1 HCVt -10. -JO 
rcMizit 1, i 1 paimt *cantaat* 
pitot )t»p2 : 

pictuai orr • call udepdi = :upi - pictotlei 
o»n ’Clip ipictoai- ro» output u 2 
PiniT 13. Utftl 

CLOSE f 2 

putcuascm 

AITLAb 


DIALOG POX AJTC VIMOO* DAAM IMS kOOTIHCJ 


SravDlaiog ] : 

■IMDOM 1. ", UOJ. 401 - 1*00 . 170) -2 

TtmAci <11 
urrm ? 
roi 1 . i to 1 

UAL lit 

IF 1 “ 1 Ti IK WOVE TO (2141 - LOHatil 

ir 1 • I TUI HDVtTO (1201 - LDmll 

ir 1 - 7 TBI HOVETO (2101 - LEXlatll 

rintT ail 

urr t 

Lin (3. Ill) - 1240. Ill) 

wm» 1 . 2. *ne\ 4210 , 170) - 1740, HOi. J 

WTTOM I. t. *jm*. (120, 140) - (240. ICO), 

BOTTOM 3, 1. *«*. (210, I T| I • (270. 202). 1 

Alt • *«* 

unu 


4. 11/24, i*17 ELSE IT 
7.3) / J P, 144 

7 J) /If, 194 


T*t» ICVETO 1)1)1 - L0 <•»! > ' 7 . J ) / T| i-20 


DraxOlaiag] : 

' ootup 'wiablo input f«i 

»!»* 2, **, (70, 30) - (442, 240|, -2 

rrrrrACX in 

AE STORE 3 
ILU ail 

wveto (tit - nr?(L« (ail) *4.3n/2i. is 

MIBT ail i 3CTFCB 1, 1, *a*\ (249. 10) - (JJ3, 30). 1 

textfaci o 


HOWTO 130, 
UN as! I 
UN ail i 
UN ad : 
134, 


LIBETO 130. >0 t HWTTO 10, SO i LrBCTO 10, 90 i VIBCTO 130, 90 
limcto 310. 40 i howto no. 10 . limcto j«o, to i howto 2»o, 
104 • <1201 - LUIaxIl »4 4>/24. 7» i PI I ITT ait 
1304 * (1301 - LOUtI) *|.4| /2f. 7» , PI r»7 all 

2>o# ♦ mot - lx* ( at i ) * i. 41 /3t> 7» , panrr ait 

LFMCTO 130, 113 : HOVETO 230, 12 s LIWTO ISO, 112 




pf 44) - 340 


: HOWTO 1 9S , 
HOVETO 311, 


p«(0) - 23 s pf ( 1 1 
pt(10) • 144 
PAimOLT WIPE* (pt |0) ) 
pi 12) - 240 : p4 |4) - 2S0 

PAnrrpoii w*rr*(*i i«> > 

pi (2) - 2*0 t pi (4) - 240 
PAIYTPQLT vumipSIO) ) 
pi (2) - 330 [ pi (4) - 340 
PA HTTP 05, T WAP T9 (pf |0) ) 

howto ii7, 147 : ptrrr *i 
HOWTO 303, 101 t nniT *L 
HOVETO 130, 110 i UBXTO 3*4, 114 
BOTTOM 2. 2. *OQ’, (10, 93) - 449, 110), 3 
1CTWB 3, 1. ’Laj^Loy*. (32. 93) - (110. 114). 3 
WOTKM 4, 1, *I.T. *, (10, 130) - (30, 143). 2 
WVETO 11. 131 t rim *p* I awtro is. 13* 

wwto 77. iso , nm *p* r nmrrro is. isa 

HOWTO 74, 140 , Lrt CTO 9C, 140 
HOWTO 94. 143 : milPT 

EDIT FIELD 1. *10130-, <110, 

PDVETO 197, 131 j PtHIT *p ’ 

WVtTO 197, ISO : P*r»T *p* 

HOVtTO 1 94. 140 s unto 210 
WVTTC 314, 143 : P9 m *-* 

EDIT FIELD 2. ’209. I*. <230 

HDVETO 19, 171 i PAtIPT T 
HCWTO 19, 191 : nir *T* 

HDVETO 14, 190 i LIB CTO 31, 190 

HOVETO 31, 113 : P4IB7 

EDIT FIELD 3, *9.43’, (32. 177) - (112. I 

WVETO 143, 111 i Pk IB? *L* : HCWtTC 111. 

wwto 143, i»: t p»nrr *i* j hoveto is;, 

rCVETO 142, no t Lin TO 134, 110 

H7VTTO 142, 113 t PkniT *•’ 

EDIT FIELD 4. ’0.4341*, (174, 172) - (234 HI) 
HOVETO 241, 117 : riHT *4’ : HDVETO 247, 191 : 

TtjrrtiitUl) 

HOVETO 211, 140 • URTC 240. 110 

HDVETO 214, 113 i Pknrr 

EDIT riELS S, *0-011 44*. (300. 172) - <3M. Ill) 

UAC ait : HCVETC 23, 234 : Pk«7 all 

EDIT ritU) 4. *4al liia*. (DC, 213) - <UC. 221). 

READ ad . HOWTO 140. 224 : PklBT ail 

EDIT rilLO ?. ’Alt’. (291. 212) - (ICC, 224), , 

EDIT FIELD 1 

l • 0 : k • 1 

rBITCOWC* 

UTOm 


- 130 pi (3 1 • 113 i pi 4 4 ) - 140 


3 40, 12 : irBCTO 340, 112 

(3) • lU : pi ( 4) - 13C pl(7| . 1 1 J ; pf(|| . J4Q p4 ( *j . j 91 


Plff) • 230 : pi (I) • 240 s p4{10) • 240 
pl If) • 230 : pi (I) • 240 : pi (10) > 240 


(I) • 330 : pl (10) 


104 i 


133) - (US. 141) 
i HDVtTO 20S, 139 : 
) 204, 132 ; 


1321 - (29C , 149) 


TEjrrtiiE (9) 

nxEtiutii i 


TEJfTJI tt (9) 

texts: IE (9) 


: TEXT) IN? ( 1) 
TEXT POUT ( ] ' : 


: TEXTS 111(12) 
TEXTS I IE (12) 


rtrrror? < 1 1 


TE X Tr e fT (41 
TEXTTOirr (4) 


TEXTS: IE (9) 

te r?*:u (9) 


WHO 27, 


TEXTI1I! | 9 ) 
TtETII EE 19) 


TtrrroMTii) 
TtXTrOHT (4) 


TEXTS: IE (9) 

nm:»i 9 ) 


piot *:* ; 

ptm? *io* 


r*r*T • 
PklXT *2* 


TEXTS I IE (12) 
TEXTS: IE [)2 I 


■ TEXTS I IE ( 1 2 > 

: TEXTS : IE 1 12 I 


■ TEXTS : IE O 2) 
TEXTS: IE (12i 


TEXTS I EE (12) 

Ttx?s:it02) 


HDVETO 215, 193 


TUFTS 111(9) 


TixrroKT i : j 


DrawttinM«w3 : 

*•: tip flaw flail vinMow - aLn*>« 3 

M1MDSW J, ”, (2, 22) * (3 10 . 340). J 

P tCTtmt 0M . CALL IKWPEIi 
miu i, o, i i hoc 3, e, s >m.wj *, o. 
ir lifiap - i tied act dm 

Draa IMHI1M tt*« (lncluAlitg aaalaa) 

aoaoa Tufa : inn 10 . o> - (sot, ioi , 

OOMUI ftaaiaa 


0. 1 t HE MO I. 0, 1 


110. 3)1), 30. bf 


«-) • M : O - tg i 004 Cl DrawPamt 


30. »f : LIME (0. 0) - 
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ORIGIN*.*.. F/'GE *S 

OF i 


«j * «4»]«k 

« i. i 

;■ i7cuu<» 

unn 


tJ - t*ie* , mm preelem 
«"« *«- *. 3. 1 « KDL 4. 


MUit 4. 1 


* 1 


Dri< lhfotee : 


firetinfe • I . OOSU4 Loaotelrfo 

■ IMH» i. •*, (404 . 140. - (Jig, 

00JU4 riMInfo 
firetiefo • 0 
unini 


14(1 


Drev«tn4o«4 


• I KOCH 4 . 

TMTFJkCtm 

urrexi )oc 


(20. 40) 


:« i . j 


KOVtTO <110 
4UTTO* 1. 2. 
iUTTQM 2. 1, 
■UTTW 1. 1, 
•urrw 4 . i . 
•CTT3I J . i . 
KJTK3B 4, l, 
urukN 


■ l£N[*al]*4 ?)/ ’2.. 20 : ftirr »»< 
•t»*i ", no. jci - {•:. u, , ] 

‘Cortect*. U00. 20 1 - (PO. SOI, J 
•Driver*. (10, 4C> - <40, *0i , j 
'41a** ( 100. 40. - (PC. 40 ’ 1 
*fl*t*. no. K> - (40, 110) 1 

*uu\ coo, *0, - (pc. not, : 


■ IKZMJW CLO*I RC IOD7II(t» 

Cloaeeinpovl i 

IZTCDMO* WILP7* UeetaMOn 
TtXTrfcCt 10) 

■1RDCV CLOIt 1 
*a» for nM «f 4«t.(4u> 

:r *44 - V TU» r* - r :LU4f0. *7yp* v «». * f ^ fu 


- c tut ir ut - 1 


ItTCO* 104 VXWT* fleet cM0| 

Cl - M 

® two* acre trrorria 
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ua 10 - •9Klf«N! * 1*W ) 

UTVW 


1 •) / (11‘tMMlh! *p70p ] 8 1 MT4T: ‘tamoil) > 


InttrKf ; 

ir ifofioj * i no f« * |m« i i • h tut fM» - p*ao*i > » * m 

u3 - * oi) » 1*1 - • })/(«•»• - lit 

*J • If - It) * |ul - u2)/I4 « |*| . *11/31 

UW» 

Lap*n* l*n 

u? . ll/|(f ll ♦ • ig«Ml - 111 * ml 7/ IgMM 1 • 11 ) . 1 1 ***2 / ( gast I . ID 

*3 - <pon*l - 11) * < uu 2 • ult/ll • t«] 
pi » pIMol/all ‘ (ll*fa*l/ Ifl - ID) 
rhoi - rnel' 1*2 / * 1 ) * (11/ Ijwm 1 - lit) 

t(*Mriig * 0 

NX TV IN 


Calculate « nL « C ( lurtio * point poaition 

*J - ( L 4 - tl * * l *( u 2 ■ ll ♦ ■ * 3 t >/ 124 *( u 2 - * 2 )-iuJ - * Jt)l - al'iuJ * u 4 > / I 2 4 • u J • u 4 n / 1 lu J - *2 • ul - * 3 t : ; I « ♦ : wJ • all'll - * j «. 

(uJ * nil / ( 24 * uJ * u 4 ) ) 

tl • («4 • «2 . t2*24*lu2 - all'll.} - *5tl/(u7 - *1 * ul - *)t) - t4‘2 4*ul*u4 Mul • u4))/l24‘U7 - *2l*lw3 * alti'i-J - *3 • ul - *J l ■ - - 

24*u3-u4/ lul • will 
Ca.cviiat* *ii«r g*a point poaitior 

•1 - Itl - tl • a4*1vl - *44 ♦ ui - *51/ III* (Ul - *44i MuJ - ail) - alMul . *: . i*J » *1* 1 / (1 1 • I u : « all'll] • *J4' I ; I 111 - lid ■ ub - 

•5) / (11* Iu4 - *441 Mub * *5)1 - lul * *1 • ul • *541/ III* (ul . ail'iul « aJ4) ) ) 

tl - (*3 - «4 • tl *21* (u4 - *44i * ( ub - *5 1 ! (u4 - a 44 ♦ ub - *5 ) - tl‘2l‘iwl • *1 ) • (ul » *J4 i'(b. » *1 • uJ • *3411 I 24 • (ui a*4l*!u> - 

• 1 ) / | Ul - *44 * 1l5 - *5 I - 2l*1u) ♦ all'lul • *14 1 / ( u 1 • *1 • 111 « *14) > 

Colculat * 4 jr 1 vor ga * point pnapania * 
e - *0*Mt4 - tl ) *2 ♦ (*< - *1>‘2) 
a • to* ( (t b - tn-i « (*b - »n*J> 
m - IQPlHi - 1 4 1 *2 * <*b - *4) *1> 
ul - ( 0 * u 4 * e * uSl / c * i *1 - 1 4 * *44 ♦ e ** 5 |/<* 

Calculat* ot tar point praportlaa 
pi * (0*p4 • e *pi I /•* 
rhol - (* a rho44 « 4*rhoS)/eO 
pi - pi* <*Jt/*4t) * Ot'pooo*.) / ig*o<; • ID) 
rholl - pl/*14*3 

rhalt - fl *pl/ (<*Jt*2> '(«MI 
Calculate Contact ivrfau point proportlaa 

ul • ( (rhol *al ♦ rhol* **14) *ul /l 4 * lrnoJ>*2 « rholi **3l ) *u2 /ll * pi - p2 1 / { {r he 1 * *1 ♦ r twl4 '*14 1 / 21 ♦ (rho2'«7 « r holt **J t W 2 « i 

pi - (21 -pi/ (rhol •*) * r ho 14 * *14 ) • 2l‘p2/ (rho2‘*3 ♦ rholt'alt) t ul - u2) / (21/ (rhol ‘*1 * rhol4'*J4) * 2l/(rho]'*l • rholt'*Jt:: 

*lt • *4t* (pl/p4) * ( (poaoal - ll)/<])'g«Ml)l 
*14 - *44* lpl/p4l * ( (fO*4 - lit/ (24 <9*00*4)1 
IXTUW 

Calculation* : 

IF lpooo*/l*g • ] TUX taop - 1; : 4*n« • 1 tUI toap • <f *4 *11) / (gooool *11) : 4«na - »4/tl 

IT lpaaflag • 1 TUI pi - pi • (*1 /Oil * <21 -«4M*4/ Ifaooal - 14]) IU L pi • pl‘ l*)/*ll ‘ I2(‘f al ( If a) - 111 

Til • (*1*21 -toop 
rhol * lpl/TT3 ) 'tail 

Storo roaulta of oaicuiat lona an* ator* point typ* 

00* Ul tOMlOLflt 
Or** output ooa h 

30101 Ora* Point 
Ora* aliarootoriat lc 1 In* a 
OOfQk Dr a wHach 

umn 


Auorao* : 

*** • tOR ( (t 2 - tt t4 > * 2 « (*2 - ***41 ‘21 
**b - SO* ( (ttt* - tl)'} « (uu4 - *1 ) *2 ! 
ul - (***•«) * 0*0 • u2)/(*oi ♦ *oa> 

*1 - | ****■) ♦ 000**21 / (**4 « *0*1 

pi - laaa'pl . 0fe*-p2l/(*O« * OOOI 

TT3 - |o**-TTl * 0*O*TT2 i / <«o* * hhO) 

rhol > (ooa'rhol - **0*rho2> / <**« * Ob*) 
UTCtt 


litotCalc* : 

l * 111 : 00*01 rinOlointl 
5 • Ul : 00*01 rinOPomtl 
*1-11 

U - (tl - 1 1) * 1*1 • tl ) / 1*1 - *11 * tl 

If ipitotpoint -2 0* tpitot point - 4 TUP OOTO T 1 U>t Cal ca l 
*** • *0*Mt2 - tl ) ’ 2 - (*2 - aJ) *2) 

*0* - *0*1(13 - tl } *2 * (al - *1 ) * 2) 
ul - l***'ul • fe*0 a u2]/(*o* ♦ *0*1 
*1 - (*0***1 * *** **2) / (*** • *0*) 

p3 - (aoa'pl - bO**p 2 )/( 0 *o - ***) : WO# - .tl-ul/al 
IT ipitotpoint - 1 TUP gaaoi • paooal 

If ipitotpoint - 3 TUi f i • fuati 

pitot - . 1 1 - pi * g igoa< ♦ i : ) -WOl'2/2 I ) * Igaoo*/ If i - l!)l/(2-*gi 
Cri4l - -Pitot' : TT3 - pitot 
PitotCal a*2 ; 

1 - **> * 1 ; ) • aaa « 2 

IT ipitotpoint - 2 Til* Gri4* - 'ContoetTlo# ' 

ir ipitotpoint - 4 TUI Sri4l - 'llaOTloo* 

32101 OlvoPo int 

iPointt***) - au . | ; jpomt Dmuii - au * 1 

If Ipitotpoint <> 2 «C ipitotpoint o 4 TU« Po tr tLoc* 1 0**1 - *1 
IP Ipitotpoint • 2 TUX Point Typo (oax) - I 

tr ipitotpoint - 4 TUX PointTypo (***i - X 

■ IlfDO* 4 : ICTT00 », 1 
UTC** 


Po intLoet (O**) 


PeintTyp# (o*«) - 


■ al - u«2-*Qaif»*4-K4-T4?l/ («M«1‘*1) 1 
•421 - ua2 0**0* Igawal **4«T4Ti/ t^M«: 'Rl) > 

30131 StUali 
3013 1 OatOoUl 

iol - (4U/ t44**ot*l )* 151/41) • Coa»‘20ll00C0l*154b54/fP4Pl*10ll)) *<U/4D • (rho2rhol) /( (rho2rhc. - I4)*p2pi) 
La 24 - 141.2/ (4l-hoto2l I *2*oa2l *2 0* l D000I -3 5455 1 • rho20r )» 1 0/ ( P4PI * 101 P*p20p 10 • I rho20rho 1C - ll)-plplO| 
UTOKM 




ir *a# < If TUX *ot* - • . 901151* la* I - CD ♦ .02114 : « 7 TC *otaLn4 
IT ••# < 104 TIEN Oot* - ♦ 00144* (oa I - 14) * .0221 . 30TO 0ot*£n4 

ir *41 < 124 TIEN Oot* - - 001534* 1044 - 104) ♦ . 01*14 : SOTO *4 tain 4 

IP ait < 141 TUX koto - - .0*141- (oa I - 1 2 4 1 * .0:5*4 t OOTO Mtai.nl 

ir 0*4 < 144 TIEN Oot* - * .0 00 451* <Oal - 144) * . 012*4 : OOTO Mtaln* 

IT oal < 114 TEEN hot* - (■•# - 144) « .011*4 ; OOTO latatn* 

Oot* - - ■ 00054* <04 1 - 111) * .01044 
0*talm4 . 

Mt* - * 014 * < Irho2rhol *2 • 1 . 2 54 *rho2rho 1 - . I ») / ( rho2 rhol • ( r ho2 rho) - 14) ))■ (44/54) 

UTVW 
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ORDINAL PAGE IS 
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IT ••2f < *4 TB* Wata2 - -0*)4*|ai2l - Ml ♦ 1 lit - SOTO Botaltn# 

ir •■21 * *4 TB> h*u? - -• .5000000000000010-02* |U>< - *#} • 1.4'tl I QCTC Batalin# 

ir ■•II < 10# TltW Wata2 • -.«*>*" |a B 2# - ID » 1.31 I SOTO bultm 

If ••21 « 12* TiW WataJ - ■ -0*51* (•■21 - IS# i « 1 . 1 »• i SOTO BotaUn# 

Mul - * 03# •(••2# - 12*1 • 1.1# 

WuKMi 

3ITUM 

■ iMUUp* i 

*1 • U i tl • tl 
O-ll i *3 - *3 

t3 - tl« - * tl : t2 • t) 

•3 - #3 
#3 • r ham 

TT3 - TJT? *T2T1/T*T1 

rho3 - p>p7*p2pl *34/ (F4F1 'TU**! ) 

1 - : } - mi 

30*1)3 UMHlUt 

rsLnUMilau) • a3 i iolnU^ci lull - t3 
Point?ypa(»a*) ■ i i i Feint iMi i - i )Pouit(aaa> - j 
00*0* BavoFolM 
90*U* Dra*Folnt 
30*01 DraniioO 

unu 


CtAMICl i»Tim 


fzhsiic 1 , 1 1 tutitowt * nxriitc i : Turrrittt 32 

IOVTTO L1L2# *1*01/ (1* ♦ UUil • 14 • iicralLE. 10 : UlETO U U #* « 101 / ( 1 1 . L1L24) . 14 ♦ UeroUX 0 
u - 4*0I*L1L2|/ II# « LIU#} • 14 • liuclj 
HCVTTC a# ♦ 1, • : FUST * 0' 

WILE u < iHIMuftanwt * liuil/lll * LIL2#) - 40 * llerolll 

U • M » H 

IT u > SOI Tic* SOTO Icaiaatnl) 

«VI TO aa. 10 s LIWITO aa. 4 
NOVI TO aa • l r « 

■ 4 • C IWT I I lu - 14 - UeroUX) • r,4 « UL24)/4*0# - L 1 U •) * 1 00 04 /itglmorii 
PBIWT CXNC lit) / 1000 ! 

WXWD 

iultikil t 

u - 4*o*«Liu«/n# ♦ min * i4 ♦ liw.iix 

WILE u >• 4*04*L1L2# • ( II - oagfactor 1 1 / (1 1 ♦ LIL24I ♦ T# • 

H « M - 40 

■ If « « 0 T*D< ocrro Ka.»iIk41 

ncwto ■■. io : Lirrro u, 4 

NOVITO Ml * 3, I 

«* - cnrillu - ! 4 - llcrollXl* ()i - UUI|/iM« - LIU*) *10001 /■agfaatarll 
FtrwT CSWC (all /l 000 1 


ta " 314 * llaraliT 

NOVITO 10. tl i LIWITO 0. tl : NWTTO -2. u - 3 r F3JWT * 0V 
HSIU tl > *4 

tl ■ tl - SO 

ir tl » 311 TU aoro HalMtH 

win io. ti • uwrro 4. l< 

tl * CIWC((314 ♦ l*«r»llT - ti ) » ( 1 1 ♦ LIU*) / (4*C**Bagfa«tor#*tatratchl > 

TTtl - «T»*(CIWT(t:‘lC0< i) 

•«*••■* N104 (TTiI, 2. II 

m - • ■ ♦ wteimii. 3. n 

NOVITO 3. ti - 31 ; F3JWT *.•; 

IT LEW (TTtl) - 4 TIT* c# - • * ♦ NJDHTTi*. 4, 1) » NC7VTTC -2. tl - 2S : F3IW? all. 

ir IO (TT»*) - 2 TBK NOVTTC -2. tl • 11 i FBIIH * 0*; ; NOVTfO -2. ti - 3 : FHW7 ail ■ SOTO Soaioatn# 

NOVETO -2, tl - 12 : IT LEWfTTl*) * 4 T1XW PtlirT h*. CLIZ FBnrt ail. 

xpvrro - 2 , ti - ) i rr id rrr«i) - 4 tui ixnrr «•; tiu run •« 

lealaabt#: 

•two 

NC7VIT0 4K4-L1U4M1# - u«( actor! ) / (1 4 « L1UI1 • 14 » lScroilX. 10 ; LIUTO 4*04 » luff actor! ♦ L1L2#1/<1« . Z1UII ♦ ’4 . t*i 
NOVtTO 10. 10 : LIWITO 10, 314 ♦ LScrsllT 
Ttrrrxcx i : TixTrowt i : Timm 12 
UTUBB 


PlWSltl 2, 1 

tatratoft - (114 - LIU I *4*01* ( (uu2 - aaJ)*(l# - «u2/ua2| /ul lf)/|vu2*(lf ♦ L1UI11)/1404 

NDVtTO ( 14 * •ag(a«tar4l *L1L2#*4*C4/ (14 ♦ L1U*I ♦ 14# ♦ 3144 * lleroUT 

L 1 VETO (LIU# « lltllltlfO *4*04/ <1# • LILltl « 14# « 14ar«lU. 3141 » UtrollT 

NOVITO (1# - fact aril *L1L2#*4W4/ (14 « L1UII « 141 « lknlll. 314# * llarellT 

LIWITO (II - ug factor I) *L1L2I *4*01/ (II « LIUll * 14 1 » IBcrWllX, 10 

W7VITC L1L2#*4*0#/ 111 * LIU#) * 14 * U««1U. 314 « iJarollT 

unit LU3»*4*OI/|ll • LIU#) * 14 < LlarallX.IO 

NOVITO (L1U4 • ■agfactarll *4104/ (l# * L1L2II * 141 ♦ IferallX. 3144 + il««UT 

LIWITO (LI U# * HffMlirl ) *4*04/(11 • L3L24) * 141 * ilcrclUf, 10 

NOVITO (II - M#i««t*rf) *LLL>»*4M#/ (1# • LIU#) * 14# ♦ iferoUX, 3141 * LJercUT 

LIWITO LIL2#*4*04/ 114 • L1U4I • 14 « U«r*llX. 314 * ticroUT * L1L2# • i *C#'a*#f actor# -tat ratch, ( (1 4 • L1L2I<<U2< 

LIWITO (L1U4 « Mffmird'ini/ (II ♦ L1L34 > * 141 ♦ l*«iaUX, 114 * llerollT - (l#/«a2C . LIU tJ 2 I • 4 *C t ••ag.'acLorl *t at r»lc-. < ■ : i . ~i 

*i - L1L2#*4*4I/ (1| * LIUll * 14 » UeralLX 

tl - 314 * l acral IT - LIU #*4*04 *aa#factar 4*titr«tah/ ( (II « LlU#l«Ma2} 
uWaah - ll/((t#2 - LlL34/ua2l ♦titratclif 

a»a# - (LIU# * tM'iatarl )M*0l/ (1# * L1L2#) • 14# « llerallX 
tan# • 314 * llcrailT - t#2* 4*01 -aigfaetar »• titrat ah/ 1 1# ♦ LiiJIl 
00*0# OaaKLln* 

*i - II# - Mffacterl) *L1L2#*4*0#/ (1# - LIU#) ♦ 14# * ilcrollX 

tl • 3144 ♦ llarellT 

'Wail' ■ (a# « LIU#) / ttg*titrat«>i> 

mn4 - 4*01* <ag* m# factor# • L1L2«}/(1« * LIU#) • 144 ♦ tlcrallK 
tan# - 314# . UcrcllT - 4*0 tg‘aag factor 4 • utratch/ ( l# ♦ L1L2I) 

oo*o» OaahLiM 

NOVtTO (1# - aag factor 4) *L1L2 4*4*CI / (If ♦ L1U4I « 1 ## * l*croUt, 3141 ♦ licrollT 
CALL >DI?AT(VWT»(14aaM0l 1 1 

ir a^lot > 04 AWC t^la# > 04 TUX LIWITO 4*04* ( a^ la# * Nig factor# • LlL2f)/|l# ♦ L1L2I) •• 14# • lScroUX. 3)44 » i»cxoil7 - 
tgfeicW'Mgf actor# *titrateft* 4*0#/ (1# ♦ L1L2<) 

CALL IDISOIMAL 

riwsite 1 . 1 

PCWITO L 1L2# *4 *0 #/ II# . LIU#) * 1# • IlcrollX. 314 ♦ l*crollT - LlL2#*4*04*oagfacusrl ’tatratchS ( ( II « UL3#i»aa7) 

LIWITO a ana tan# 

t • (314 * lScroilT - 10)*(1# ♦ L1L2#» / (4*04 ’kag factor 4*tit_rotoh) 
aon# * ag 
tan# • ig 

LIWITO 4*0 #* I ( (t - ton#) • <wa3 - oa3) ♦ «•*#) «u#finarl ♦ LIUD/fll * L1L24) ♦ 14 * ltcrallX. 10 
NOVTTO (1# - Mgfactor#) *L1L24*4*CI/ (1# ♦ L1U4) ♦ 144 * UcraiiX, 314# . LlCrollT 
LIWITO 4*0#* l(t* I«iu3 - aaJ ) - LIUli *»agfactor4 . L1U4I/UI ♦ LUII) • 14 « lieroill. 10 

UTOBW 

0ra«4eint : 

FEW* lit 1, 1 

Cl 1C LX (4*01 • ( aJ *aog factor I - LIUd/UI * 


L1L241 


4 • llcroLIX. 3)4 • lferoilT - U •■•gfactorl •tatrotO «4*C / ( 14 . LlLlIl), 3 
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AX TO AM 


r • 

OF Pvv 




a 


OrawContaati 

>uiut 1 . i 

al - « LlLlll/m * LS LI II ♦ 11 ♦ Herein 

tl - Jll ♦ lltr»UT - Ml ♦ L1L3I) 

aan4 - 4 M I ‘ (a 3 *aa«f a«Lar I • LlLlf|/(lf ■» L1UII « >4 » llwilll 
uaI - Jl* ► lS*f*UT - t->*»a« factartdttrat.cn ‘4101/ (1* . UUH 
M4IA - - I**! * ail / (la«4 - 11 ) 

004 U* DaaKLina 

nasi it i. ) 

AXTTJBM 


DrawHaeA : 

fusiit i, l 

WTVtTO 4K*-l»)*aa|f«ewr» * L1L3II/UI ♦ 11L3I) 

IT final <> ‘miriir]* TUt inttTO *»0t* u) -a^faetarl 
t l»4f0l **««faeior I'tttrat a*/ <11 ♦ 11130 
If final • ■["WflMl' TICK OOTO OraiMaehIM 
NPVtTO IMtMO'aafftaoM • LILIOMI# ♦ UUII ♦ 14 ♦ 

If final <> *c^artai«n* T1D* L mere 4*00 (a3**^faetor ♦ 

1 ] * 4 10 1 *aafl (aetarldttrateA/ ( II ♦ 11L20 
it final - 'tapantian* Ami j <> ■; md j] o -i tad* limeto liljimioo 

LiLEIdMi'aaofactaM'tairatafi/ l ill ♦ UL2ll<«a2i 
DrawHa«Al/i4 
AITUAM 


Herald, 111 

L1L2D/UI . 


.1 oral ii . 114 
L1L2 0 U II • 


Liu«m - ivmi** 

11124) » II ♦ llcnl. 


1 1 oral IT * t2‘4*C#» 


I 114 


■l*tttr*tcn/ 
lie roil? - 


: i ♦ Llt 2 n 


Ikra.IX. 2 i 4 « llerallT 


CALL UPTFAT (VAAfTK iflray (0) )t i CALL ftMIHttl 
ii - 4 104*11121/ 111 * L1LJI ) * 14 * Herein 

*I!U at < 111 

a* - aa ♦ 50 

«wrro aj . io : Liarro u. 211 


aa - 1*01*1112#/ <14 * UL2I! * 14 * llirolll 

I11U aa >— 44 

aa • aa - 50 

MCVETO aa, 10 : tlMCTO aa. Ill 

KMC 

t« - 1)4 « iseroll? 

mu ta > 15 

tl ■ ta • 50 

NOVCTO 10. ta t L1VZTC 501 ta 

ttKD 

CALL ronKMKAL 
AX TOM 


CALL rancoi f») 


DaehLlna : 

’If M < 14 AMS tl <- 114 TBXM tl - -(14 • 111 /oMaah ♦ tl : al • 14 4 GOTO Oaihlun 

■IT tl > 114 AMD al >- 14 TAXM al - -u«aafl* 131 4 • ill • U : tl • 111 i GOTO OaaMUrt 

'If al < 14 AMO tl > 214 TUI 1 1 2 - -(14 - all /«4Ulh ♦ tl : If ti) <- 214 TtXM al - 14 i tl - tlJ tilt al - -w4ath*(114 * tl) - al 

Lilt MM 

Qaanltart : 

MSI LI al < u«4 AMD tl > la*4 ’AMD al < 504 AMO tl > 10 
MDVXTO al. tl 

ail - 10»»v*MK/»QB<u«*ah‘2 *111 * al 
til - -(all - ai)/v4Uah ♦ tl 

If all »- aan4 OA til «“ tan4 TUI all - iam ; til - taM 
LIMB TO all, til 

al - 1 1 * w4aa A/ K)A < MLaa h * 2 ♦ 11) • all 
tl - -tai - al L> /»4aah • til 


UTOtt 


A* Or aw: 

FICTOBI orr I CALL IIDI/Bl : HCTCAI om < CALL IACMFDI 
Aa4raw2 i 

IT Igr L4/laq • 1 AMD 1 ~ r~l *' *~tl • 0 TUI 8043 1 Bril 

If t r ■ t r f i aq - 1 AMD i«riMfla« • 0 TBXM ®WI IhaartiuaOar 

If intMtoarflag - 1 AMD l*ri4/la<| - 1 T*X« 00401 fir 14 t 004 OB IhawMi 

00*0* TuM 


11 - -1 

mix wait - i 

ii - n * i 

UT II. 11 * I 

If ter |1) CM 11 > Ml - 4 TAX* GOTO A*4ra-5 
1 • CVI till ! 3 • CVJ l J4> I 33-0 
aJ - CV0 (all 
U - CVD (tl) 

fir 141 - ggl 

Lk Lank - I Mint (Orl 44 . * *1 r final - LXTT1 (CrlAI . LALanA • 1) 

00401 OatLoeatiana 

If 6ri4lo*lntar lor* AMD finaio ’l^anaiefi ’ AMD firi4K>*Csntaett * AMO SrUlo'CsrtarU' AMD fir iAIo * tnuna; : * AMD fir:4l<> 
AMD fin 440 '11*4 ’ AMD fin 44 0 T LratfoLflt* TUI OOTO AaOra*4 
If fin 44 - * In tar lor * AMS 1 O 0 TAX* 00401 rinMFaLntl : 0040* fUi4#oli(t2 OOTO laCn*l 

If fin44 - * In carl an* TBE« ooao* n*4fou»tl i OtTTO AoDra*3 

If Cn44 - *Intariar3* TBXI 00401 ri*4Fau*t2 i OOTO AaSrawl 

If fir 144 - 'LAtMltr' TBXM 0040 1 finfifadtl t GOTO BaDraal 

If final • "Cant-aatt * TBXM 00471 fLn4folia2 : 004UB flrt4foirt4t : 00*7* fin4Fotnt: .-it OOSDI finfifouitl fiOTD AaDr, 

If fir 144 - "AlaM* AJK> 1 <> 6 TBDI 0040* rLnfifwlntl : OOTO AaOrawl 

If Cn44 - Tlratf aim * AMS lciralafla* - 1 TUM G040B Srawfoint : GOTO Ba0raa4 

Aa Drawl : 

If icirclaflag - 1 TBB4 40*01 Drawfaint 
IT final - ‘Oantaatt* TUM 004 71 DrawCantaet 

If final - *AlaM* AMS 1 O 0 TBXM - «J t2 - tJ : 00401 DrawBlaM 
If 1 - 0 AMD 3-4 TIMM OOTO AaOrawl 
ir final <> *1 la*’ TBX« 00*0 A OtmMIACA 
AaDraw4: 

■BUS 

Aa4raa5: 

Lin <0. 0) • (501. lot . 30 , bf 
li wt io. io - uo. ill). 2 o, ar 

OOI 01 Icaiaa 
AX TO AM 


IT OCAIt* (fir 144) - * IWTtAI CM * TBXM faintTypalli • II - 0 
If QCA1E4 I fir 144) - * LXfAMl I0M' TBXM faintTypaUl * *) • 1 

ir scAsxi i trial) - * camterr * no foimTypaiu ♦ «i - 7 

If OCAIt! I fir 14* I - •COMTJMTTO- TUM FointTjrpaill * 4| - It 

If DCAJtl Ifin4«) - •IMTXAI0M1’* TBIM fointTypadl • «) • I 
If OCAIt* (fir 141) - TMTlAICmJ* TBXM faintTypaUi <0-4 
If OCAIt* I fir 14*) - ’ 1LAM1 * TBXM PaiatTypaUl ♦ 4) • 5 
If OCAJt 4 I fir 14*1 - * ALCM * TBXM fointTfpalll ♦ 4) - 4 
If OCAJEI (fir 1491 - •flAJTTOIMT' TBXM FaintTrpalll ♦ •) - 10 
If OCAJEI (fir 14S) - *? I TOT* TBXM foLntTjrpalll .41-7 
if oca* 1 4 1 or i4* i - *corr«rrT wr * tixm )*unTn» > n * *i - • 

If OCAJt* Ifiri44) - * AL04TIPC * HO fointTypaai » i) - » 

fa LntLoca 1 1 i * 4) - aJ 
fo Lfttloat l ii • 4) - U 

if amt in ♦ Ii - i : jfouitdi ♦ *1 • 3 


92 



IETOI 


i CALL IttlfB , MCTVM m t CALL I* 


OOtUl BtoebiMber 


toMet t 

ricrini art 
tor 1st 2; 

IT igriiflag - 1 MD lmmOerfleg - 0 TUI QO*u» Or H 

ir i nwtoerfiag • l amo ignefieg - e teem anui ane* 

!T injWtrflu • 1 UC igrHflag ■» | TIE* 004 L) Ori* 

ooaui Tuto 
ren • no *u 

■J - tointLeo* 11) 

a - rainttoct in 

li - ltoint(l) : }) • jroint(i) I j . c 

ir r*miTrp» u) - c tbem Crtoi - -mtenar- • tr n o o tu» .1 . PMnkimpommi - n - tomtu 
r»i«tu»c ijtoint mi . t* - Mintoei Dtomtiin « bd-to tor uu tut otrro toriets tni w 
it roi«tTrp»tn - 1 T,t * cm* - 'top*"*!*"* < »i - PtiHU«*ur»mim ; t) - tomtiect uroint an 
ir FeintType 1 1 1 »} TIE* CrUI - ‘CenLiOtt “ : al-FeintLee. ( jraint ( 1 1 1 lO-totntloet ( jroint (i I ) r »4-to intLece 
m-TeintLoet urouiiOHlnt 11)11 :al«*ointLe« IHclnt UFeint 11 ) )> : 1 1 -fointtoct aroint (iroiM u > 
IT Fei ntType ( 1 1 - )1 Ttt» CrH* * *Cent44t4* : 3OT0 toPlttl 

ir roi«Trp®tti • j ru* cm* - ’interior;* i «i • umaMniummi : ti - romtLoet ar«m ui > 

IT rointTypolll- 4 TEE 3 J Srt 41 . ’Intonor}* : aJ - totntLoea ( jrolnt tl ) ) i tj - rointLoct nfctnt u) ) 

IT roi«Typ* m - t tie* cm* • *iito* r :r 11 o o tie* n - r®iAii*eaur®iAiiin tl . rointLoct a 

ootc tor i«t3 ti.it no 

ITFointTyp® III - ID AMD lclrclaflag - 1 TUI 00*01 Oraetolnt 
OOTC tor l*t 4 
tor lot J: 

ir ieircleflee “ 1 TIE" 00*01 Ora-Foint 

tr cm* - ‘CoBtAt-.f teem ootc* o r ««contect 

ir cm* • -11 to* AND u <> 0 Tit* *2-«J tJ-U; 00101 DrawtLob 
If 11 - 0 *KD JJ * o TIE" OOTC tor lot. 4 
IT Crl4l «> *■ lab * TUb 00*01 DnrNioi 

tor lot 4 


sore tor lot 3 

iroint [jroint li’ 

i ootc toriotJ 


GOTO toriotJ 
GC 7 T 0 *®Flot 3 
remt 


ootc i«r .oil tut 


LUil (C. Cl - (JO*. 10 ). 10 . bf 

lime tc. id - no. mt /■ 10 . bf 

9 D 1 UI ImIm 
IX7VIM 

r 1 04 M in® : 

HKIIXE 1 . 1 

ir ltUMT * 1 TEE* ltlMf 
ir HIM! * C TIE* 1UMC 
C11CU (Ml. nil. 3 
CIBCLE {**1. #ti), 1 

BETV1* 

tor 1 ct uro : 

ncruix err : i**e«s • nenui • ricrsit <» : rrcroiE, u«g ( t 
IE TV Ml 


(•«J . 
teal . 


•tl), 13 
•tl), )C 


CALL rnrATIVAJUTT* UMlhtOl) > t rtNIIXt 2 . 1 
MOVZTC 4 * 01 * (■ ] 'oegfeeter* ♦ LU 2 *t/|l» • LIU*) 
U*ET 0 INVIil'uttMUrl » L 1 L 2 * ) / II# ♦ L 2 U#I 

rUIGMl : PCMlltl 1, ) 

urn* 


14 ♦ llerolll, 3)4 
14 • Heroin. 314 


Horol IT - 4*0»* tl *«ag factor ** La tret eh / | If * LILltl 
HerollT - 4 Mr *tl *aag factor t * te tret en / 1 1 1 * L1L2I) 


to loot Contact : 

IAEA* m : Hr oak - 0 
to loctContoctl : 

I - NDOJEIO) 

MILE *400*1(01 <> 1 

IT ibreek - 1 HD OOTC tCcn Lectin 4 

(Sirs 

WUI - *40C* Eli) t ttt • MOD 11(1) 
lctockflag • 0 
301 U I QteckPolnt 

IF i eheckf Lag O 1 mi ItU III? : OOTC to 1 NtM to «t 1 

113 * Li 

KEET 

to loetCentoet? : 

■ - *40011(0) 

WILE HOOIE(O) <> 1 

IT ibraaA - 1 TEES OOTC KuunLU 

MEMO 

mu - MOQIttSl : ttt - HOC It (C) 

ietocAfloc - 0 

XI- » QkacJtr oint 

ir lehocAfioo o i teem hit : m? ; aoro loioctcoBtooti 
hj • u 
SContaetEn* ; 
tkXAA err 
UTVU 

up*!tl ion 1 

IJLLAJt 0b LbxooA - 0 

nepnoo - o 

toloetLoporc lorl ; 
t • MOUIC ( 0 ! 

WEILt NOOft (0) <> 1 

ir lb tool - 1 710 OCTTC n^L*4 
ir locpfLoc - 0 TEEM tmi - mruji 
ir lojtpflo® - 0 TEEM anporgl* - VAL(To«t*) 

ir loxpfLog - 0 TEEM If Te*t» - * ' TIE" lo^Mog - 0 Ut leap flag - ) : »Eir ELSE *2> 

MEMO 

«** " ND0SEI3) t ttt • *400 II 1 4 :■ 
lc toe* flag * 0 lfu 4 gaflag * 

30*01 Oaciretnt : ifv4g«fL*g - C 

IT JcTiec*f*ag O 1 o* i«^>f.ag - C TIE?* HU : 111? i OOTO I ■ 1 oetEj^an • l er 1 
Stxptfl* : 

ulu err 

IE TV to 

Select Interior : 

IUA3 e» Ibroe* • 0 
Select n tenor . . 
t - *40CJtlOl 

a: li *400*1)0) <> i 

tr ibraek - 1 TEE" OOTC SlnteriorEna 

an 

Mb * >00*1(3) ttt - *400*11*1 
lehacl flag * 0 i4Lriv«rfleg • 1 
SOSO CAectrelitt ; 14ri«erflbg - 0 

ir lcbecbf lag o 1 TIE" SELT i BUr : OOTC Selaetl ntarior 1 

el - •• ; tl - at 1 Li. 1 • u 

IEEE 

tolact Interior 2 
t - *400*1(01 


OF POOR 


PAGE \S 

QUALITY 


93 



rtvUi ‘o 

QUALITY 

ttwc 

U* * HOUSE III t ttt - MOUItl*) 

lahaakflag - 9 

odbvs 

If itfMiriH O l TIE* Ittf t BIX? . 8PT0 Balaatlntarlorp 
d • I) i tl • II ■ 112 * 11 
linear larin* i 
uui orr 
MTUM 


G\ilG,Ki&L 

OF POOR 


OiaetPaint : 

IT lW«n*«c - S WO inaaflagi * 0 Ttt" 8070 OwekPeintl 

■■8 - «* 0 l 1 lag»aagfactorl 4 L L2 1 1 / t ] i » L1L2«) ♦ 111 ♦ iiu»UX 

•eg • 314* * 1 icro 117 ■ 1*01 »tg*aaf factor! *t#trate>u ( 1 ♦ • LILXf) 

•■I - MOIMIUliil « llcroi IT - lOli-ll# » LlUfW 14*01 »aagfactor MtatrvtcM 

IScrollB 

•tl - 10 

• I - latg - at.1)/ (aag - aal) 

• • - (ttt - atg 4 ■•••ag . ajLm/al) t (B4 . l*/a#> 

at * - «ag) • *tg 

IT IQIIImi - *»>*3 * (ttt - an *2 1 < 3* TBI lehaekflag - 1 l Lit OD7C CJwulo 
CriBl - *Int#riDr* 

1 - 0 : J - 0 

*J - ( (aa - 14 - llcrallKi • (1 1 « LU,3«)/4*c - UUII /Bagfactar# 

U - 1314 ♦ H cr ol IT - at)*(l . UL2« t / (4 *0 •aagTactar *«t»trat ehi 

u3 - uu3 

aJ - aaJ 


pJ * p3p4 
TT1 - aJ * 2 
rhoJ - pJ/TT3 
00 * 0 * hwPoint 

If l navilagi - 1 TUI 00*0* Sraapoint 
inaaf.agc - 0 

PaLnOacKMt) - a) : PolntLoct lull - tl : LPointlaaal * 0 : ^Polntlaaa) - S 


- tq i * (vul - aaJ 


Point Type ( a* « 


* B9) 'aag (actor! 


L1L2 1 \ t (1* • 


0070 CMackEnB 
CftaekPamt 1 : 

ro* 11 - >u TO t *7 IP -1 

IT 14Wl**rf:«8 “ 1 JU*D PointTypa 111 ) - 11 TICK BOTO CXa<kPoint3 

ir lfu«gaflag - 1 MO PaintTypa < 11 ) - 10 Ttt* UwCgaf.ag - 0 r OOTC QiackPointS 

ir PaintTypalU) • 0 0* PointTypalll) • 1 08 Point 7ypa (111 - 2 OB FaintTypa 111 ) - J a PcintTypa (ill - 4 0* PointTypa ( i: ) 
Pal ntTypa I i 11 - 10 08 PointTypa (11) - U TU* OPTO ChaaBPointl 
0070 CMaBPointJ 
QiaekPaintS t 

a - Patntl*«*<li ) t t • PaintLact ( ill 

■ a • 4*01 * (■‘-tag fart off » UUII/lll * LU.24) 4 ]| « Heroin 

at - 314 4 HcrollT - 4*04*t *aagfaetor *«t*trateh.' (It * llL2t) 

IP Ullia - ana) <* 24 W0 Ell (at - ttt) <• 2# Ttt* lcJwakflag - 1 : OPTO Qtacfe£n4 

CKaekPoint) t 


ChacBEnC : 
UTOW 


4 08 


mw 08 i ikrMi - 0 

BalactBplltl : 

■ • MD0* 1(0} 

MILE MOOSE | 0 ) <> 1 

oobu* riuuu* 

IP LBraaB - 1 TID OPTO SSplltXna 

m*D 

MJLA * HDOSt 13) : ttt - NODIllll 

■ 4 - <at2 - 8t 1 ) / 4 8x2 * 111) 

tr Ml (ill > 14 Tin an*4 • laxa/al*2 ♦ (ttt * Btll/Bl * *al)/M4 * lf/al*3) tLSZ «u4 • (■#*?•»*. • (ttt - •tl)**l 4 ajaa ] /II* • il‘l: 
ir Mill!) > It TUB ttt* • liu - >w4i/il * ttt C2.lt ttt* - (ajm* - aa:)*a* * at I 
IT IQBdttU - ttt) ‘2 « tajta* - aaa)‘2l > *4 TBI laXaakflag - 0 tut ichaaaflag - J 
IT lohackflag O ) Ttt* UtP >UP 0 OT 0 *ala«t(pUtl 

uW • (axM - 14 - Her a l lx - 4*0»*L1UI/ (}« ♦ !lU»)**tl# « II UP )/( 4 *C4 -a^faetor f I 
ttt* • (3)4 * HcrollT - ttt«)*<l< * 1 IL2I ) / (4*0 * Mkaff acta r I •tatratth) 

SSpUtlftM: 

Bimut orr 

1IT0M 
Loaata In fa : 

■TWOOM 3 : aauaaflag - 1 

(ETC (JR BOB VXBPTB (laraaahair (01 ) 

Balaet Info; 

> - HDOSt ( 0) 

nut MOOSE 1 0 [ <> 1 

ttirt 

axa - MOOSE 1 1 1 ; ttt - MOOSE!*) 

leJtacJtflag - 0 
00*01 OhaekPoint 

IT 1 cftackf lag O 1 Ttt* BEEP : BCXP ; OPTO Salactlnfo 
srrcoBso* vxbptb iimumoii 

LDlrty « 0 

IT f j_r«t Uifo o 1 Tin BOBO* TlnBlnfo 
•aaaaflag • 0 
IX TOM 


IT Lnfaf lag - 1 TED * fBOoai ] 
aaaaaflag - ) 

S ETC 01 SOB VUmiltfM«kur(0)| 

IJUEAJt 08 . Lkraak - 0 
Va la Air aaa . 

t - mosEiO) 

BlLt MOUIEIO) O 1 

IP Lferaak • 1 nn OPTO traaaln* 

ttWO 

1 U - moitlj) : ttt - MOOSE!*) 
lehaakfiag - 0 
OOSUS ChaakPaint 

IT PaintTypa til) * 2 OB Pa LntTypa 111) • 3 08 PointTypaUU • 4 08 Pa in tTppa ( 1 1 ) ■ T Ol Point Typa ( 1 j ) 
• 0 

[P 1 cj-iacx f Lag o 1 TIER BEXP . BEEP ; OPTO lalaettriM 
tru«tn4 ; 

sum orr ; ir nraak - 1 Tin miJM 

I ETC 01 BO* VXBPTB IliitftMOl) 

BXTUM 

itaSarall i 

tr mfaf Lag - 1 TED WIWOOH 3 
aauaaf lag - 1 
BBXAJI 08 r WfMk - 0 
SETCOBBO* VXBPTB UXanB (0) I 
Balsat Scroll 

I - MOUSE ( 0 | 

MILE t - 0 


* 0B PolntTypa (ill - . TUN ichacaflag 


94 



IT lbraafc - 1 TIOi BCTO lirtllb^ 
l - IWUlEfDl 

■too 

W> - matin I ttt - mouse ttt 

ir u« < » ot «m * Mi ■ um a oi ttt > in tio aua , uu 

Icrell End : 

•uai err > tr israax - 1 no arms 

LDirty - 0 

UTUU 


OOTO la laet lero 11 


•SEAS ON I Lbr«tk - 0 
lalactSlak) t 

I - MOOSE (0> 

MB t Lt lOUItlOl <> 1 

tr israax - i no ocrro siattnd 

■two 

Ul - NOUIEiS) : ttt • MOUSE (I) 

lehacAflag - 0 : IftBgaflag - 1 i ldrlwarflag • 1 
0OSUS OkaeXPalnt I lfv4gaflag “ 0 i I tr 1 ■— r t I . o 
IT lehaekflag O 1 TIM UU 1 LIT j 0070 Salas CAlaAl 
al * li ■ LI • tt i ill • n 

Ittf 

SalactBlOk) : 

I - XOCSE(O) 

■bill aeusL(O) «> i 

:r ur*u - i no ooro sia*Lnd 

MCWD 

mj - mttOl : ttt • MOUSE Hi 
lehaekflag - 0 i l*jr l*arflm - 1 
*>*0» CSaakfatnt ; ldriwarfl^ - 0 

If 1 ehae k l lag O 1 TEES UU : SLIT 0070 Saiactllak} 

•J • II i O • It i Ul - 11 

ICO 

MjICtl.MI 

I * MOUSE t 0 ) 
mill MOUSE (0) <> 1 

IT UrMl « \ no SOTO IIMIM 

mm 

KM • MOUSE I S ) : ttt • MOUSE (SI 
ichaaxriag - 0 : LinmflM - I 
OOSDI ChaekPeint i iB/lnai-fl^ • 0 

ir lehaekflag o 1 Till SELT J Itzr : OOTC UlMsUIaki 
If • II i tl • n I US - li 
IIoSUiSi 

sseax orr 

XI TURK 

MIitiTlut : 

SSXAJi 3 i LkraaX • 0 
SalsetPltaLl : 

I - MOOSE 10 ) 

mm moose io) <> i 

tr Ur**i • \ no ocrro imlkmi 

mm 

«M - MOOSE (1) t ttt - MOUSE (4 1 
IcMik flag - 0 
00*01 OmUimt 

IT lahaatflsg O 1 TIES BUT i SETS t 007>0 Soloatflfcat 1 

II • tl ! tl • II I 111 • 11 

no 

SalactPltatl : 

I - HOUSE IS) 
mill MOOSE (0) <> 1 

ir Lkraai - t no 0070 mmbii 

mm 

«i ■ MOOSE I $) I ttt - MOOSE (SI 
lesamriag • o 
oosui Oiaakfsint 

If leMdflH O 1 TEEM SEES : SEES t 0070 SalsctPltotT 
xl • ll i tl * it i Ul • 11 

0O*OS PitatCalaa 
IMt«tXl>*: 

IUW 0TT : MIBD0M 4 l ISITCUSSOS 

xi Tax* 


sussauTims 

SOI l* rr> tn (aj(. kx , tel , 1 flag , t ) STATIC 

11, S4, T4T1. MU, TTT L , p2pl, plplO. M2*. tS, tl, at. il, ui. ul, r hoi r t»3 
1*1, rfcalrhal. U12«. m, mJC 1b 2I, rholOrtelC 
C caputs spa UM rwlatlva u«Um prasialor 
•p* * K 
•p* - apa /it 
tall -II • apt 
tr itai: > i#i ocrro is 

Initial iiat lan 


I - ha 

IF it l*g - o TEEM a* - a 

ir mag - i tie* u • * 

ir mas - i ties a • * 

:r If lag - J TBS aa • * 

IF iflag - * TKP ax - • 

IT i f lag - i Tms ax - a 

lagisi atap 
c - a 
fe - fa 
S*k-i 
a - 0 

ir (AAiffc) i- j 


OOSITt IhaaXl i (l • |fy i u • k : DOS 01 Shod 1 : fk - yy 

OOBOl s hoax 2 l ■ n ) M • I l OOSPS I Neck! : ft « yy 

fa - yy : xx - b 00*01 llaaCaic ft - yy 
fa - yy : U * k 5 OOSDI OCale ■ ft - yy 
f a - yy t ax • I i OOSOS scale! i ft - ry 

fa - yy ax - k : 00*01 LaaHl r : ft - yy 


00*01 OCale 
OOBOl OCaleS 
00*01 LaaKir 


S <fk> ) 0070 40 


fa - fk 
a - fe 
fe - f* 

Converge** teat 

*C tall - 1* *apt*ASl (k) * ,l>ul 

• - 1* la - k| 

ir (All ( aa ) «- tall) 0070 >0 

:r (ft - an ooro *o 

la ki M4tla4 asaaaaery 

ir (abs ( a) a mid ocrro n 
rr tut (f*j e* aw <fki > ooro ?c 
la qwaAratie ixtarpelat lan paaaihla 
ir (a o a) 0070 SO 
Lina ax iirtai-paLatien 

• - ft/fa 
p - 


ORIGINAL PAGE fS 

OF POOR QUALITY 


95 



Q J/iLi i V 

I - ft/f* 

p . • m)<*** 9MQ - li - I* * I»MI - III) 

Q m 1C - III •(* * HI * I* * HI 

U]«ll •!«*>• 

40 If fp * Ml «*■ o - -0 

9 • Ullll 

!■ uturfiltt T -*OH 

tr UJ***I >• - AM lt»u*0> » 1 WTO 1 « 

IT (p *• UI|.)*«*SII «T0 TO 

• - 0 
0 - p/0 
BOTO «0 
|1M«U«K 
TO 0 - • 

• - 0 
Caapi*ta 
• 0 a - ft 

fa • ffe 

If IMIIDI > tail) TIM P - a . 0 

ir <mi ( 0) «■ tail) no a - a ♦ ui aaiii 'to nai 

IT kfiM * * TUI u • I I BOB 01 lhaaal i ft • rr 

ir 1 f lac * 1 TBI u • 9 ; MOI Ihaali ft • rr 

ir iflM * J tbi u • k I aoatn Biatcala ft • rr 

ir ; flap • i tun m • k ao>o> acaia fa - n 
tr ifia* • I TBI *a • a : OOBOB OCalcB ft • rt 

it iriai • > tbi m * a i bob ob i Lawf ft - rr 

ir ufa* if c/mi i (tin > on ooto jo 
aow ic 


0 - II • # 

■DTO 10 

mra o*4/*tu l »<-* rpaiat ia« 
0 - fa/f* 

B • ft/fa 


c 

Ot 


«o i - a 


IhMll ■ 

:r liaaciarfiac - 0 TIB yy • a* * (IQ* ; ijaMii ♦ lli/ll) - H«mm« - 11 > ‘Ig t c anal *tl) t C anal «1I*TIT1 ) ) * (a* - 
soil / <19 ( 11# ‘IMMII • Ill'iaM) » i««anl « 111 • ( aa - '.(HDIM-ll'twH'ilBai - HD - MU 
tr UAMlarfia* * 1 n * UMU - MfMi( * J#) *»0lt iiaHl-lli / ifMaak'kl'TITH 1 • <aa - !«)) / (BOB lltl‘aaa!i u ] I ‘fi«k. ■ «ai 

III* (a* - a4/lpaaa«< - II) I - MU 

BIBB 
IhMll I 

rr • aa« 1 1 # • ipn * - 1#)«|QI/I1 - | ifaaa 1 - 111 *BQI< 1 I/T2T1 1 * <aa - 111 1 / <19 tlll'IWMl) • (Il'iMai • I|«m. ♦ H > * Ua - .1 1>>> 

4 **1 ‘ -| - 111) - pipl*piplO 

una 

BlaOCaUt 

ti - III - ill * (a* - al) / (al - O) • tl 

u • (BQBia) - t21*l • m • aai ‘ Ii *ul • SQBUtl - tit*} * <al - aa) * 1 ) *«1 ) /BOB < (tl - l)l *1 * lal * O) *J) 

Dual • (BQB ( (t J - tl)*B * (aJl - Ml *1) *raal • BQBHtl - tlt*J * (al - ui‘li*ria)l/IBl(tl - t3t *2 • lal * Ol'Ji 

ir riM > u Tm na • i«a ♦ aiwti an n • m - »n* <ai/ i2»*rim ♦ im • *1 
aj - ita - ti» on « «a> ♦ al 
rr - m - a2 
UTVBB 
QCali: 

ry*lll/Bf) • (LOG I til' (aa* lot / lnl-*i)l - 1 1) / Lal I 4 .2I1 /UI*<M‘Ui 2/ i - 1 1 1 / lal I *2111 -?l*lff» < <aa» (aiJ/ < >u2-a*2 1 - 

111 /!•!) * .11) |a«* (tti2/ (avJ-aaJ) -111 /ill) * J«1 »<aa 2/ (chair Ml* 21* Lal) 1 * taa/ < vui-aa2) *LlL2t/va2 ) 


OCalali 

jjm | li/Bli * (LOB ( (II- (aa***» (aa2/ (aal-aaJ )- II > / ia IT *211/(11* (aa**** (»a2/ (u»2 -aaJ I - II) / lal) * Jin -21* UN I (aa* w* rual/ IwuJ -a*2 1 * 
III /Mil * .11) *4# 4 la* 4 ** 4 I»a2/ laaJ-aaJ) »l*l/lB#> * .21) • |aal*V«/ (fhalcha 1 *21 * 1*1) 1 * (a*/ (m2- nil *LlL2l/u>Jl 


laamx t 

rr • Ullll * anilaiiOMa* - L1 UI/mi 2) - lll/uam * aotl (na20* (a* - UUI/ull - Wl/ia2l) * aa20'iu - ll'JI/kkii (21* La2l* r*o2Cr MIS 

arroM 

Until: 

BO fC) 


96 


1. Report No. j 2. Government Accession No. 

NASA CR- 18 1722 


fVI/\S/\ Report Doi 

Naira Awmautcs nno nCJJUl l UU\ 

Sc rice A<y' n * r «st' 3io<" 


4. Title and Subtitle 

Expansion Tube Test Time Predictions 


Report Documentation Page 


3. Recipient's Catalog No. 


5 Report Date 


September 1988 

6 Performing Organization Code 


7 Authorls) 


C. M. Gourlay 


9. Performing Organization Name and Address 

University of Queensland 
Department of M.E. 

St. Lucia, Queensland 4067 

AUSTRALIA 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Langley Research Center 
Hampton, VA 23665-5225 


8. Performing Organization Report No 
8/88 

10. Work Unit No. 

505-62-8 1-6 1 

11. Contract or Grant No. 

NACW-674 

13. Type of Report and Period Covered 

Contractor Report 

14 Sponsoring Agency Code 


15. Supplementary Notes 

Langley Technical Monitor: 
Final Report 


Griffin Y. Anderson 


16. Abstract 

The interaction of an interface between two gases and a strong expansion is 
investigated and the effect on flow in an expansion tube is examined. Two 
mechanisms for the unsteady pitot-pressure fluctuations found in the test 
section of an expansion tube are proposed. The first mechanism depends on 
the Rayleigh-Taylor instability of the driver-test gas interface in the 
presence on a strong expansion. The second mechanism depends on the 
reflection of the strong expansion from the interface. Predictions compare 
favourably with experimental results. The theory is expected to be independent 
of the absolute values of the initial expansion tube filling pressures. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


17. Key Words (Suggested by Author(s)) 

shock tunnel, stability, interface 
hypervelocity 


18. Distribution Statement 


Unclassified - Unlimited 


19. Security Classif (of this report) 


20. Security Ctassif. (of this page) 


Subject Category 09 


21 No. of pages 22. Price 


Unclassified 

NASA FORM 1«26 OCT 86 


Unclassified 


A0 5 



